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belon^ng to 3 families. Owing to our increased knowledge of 
the group at present, it seems necessary to raise some subfam- 
ilies to family rank. Besides, there are a few additional species, 
and minor changes had to be made in the arrangement of some 
groups. Many of the illustrations included in this paper are 
adapted from the original authorities, and for economy of space 
the proportional distance between the spermatheca and the 
seventh sternite shown in the figure is often shortened. 

The present study was begun in 1933 at the suggestion of 
Dr. Wm. A. Riley, Chief of the Division of Entomology and 
Economic Zoology, University of Minnesota, to whom I am in- 
debted for helpful criticisms, much assistance, and constant en- 
couragement throughout the progress of this work. Thanks are 
due Dr. H. E. Ewing, of the United States National Museum; 
to Dr. K. Jordan, of the Tring Zoological Museum; to Dr. J. 
Wagner, of the University of Belgrade; to Dr. I. loff, of the 
Microbiological Institute, Voroshilovsk ; to Dr. Y. C. Hsii, of 
Yenching University; to Mr. F. S. Lee, now of the National 
Cotton Improvement Institute, and to Miss M. Y. Wu at Wu- 
chang, for their kindness in loaning or supplying material for 
study. Several institutions, particularly Cornell University, 
Harvard University, and the University of Oklahoma, loaned 
specimens for study, and a number of persons, particularly Dr. 
C. E. Mickel, Mrs. M. C. Spriestersbach, and Dr. C. H. Yen, all 
of the University of Minnesota; Dr. C. H. Hoffmann, now of the 
Bureau of Entomology and Plant Quarantine; Mr. K. F. Chen, 
of the University of Nanking; and Mr. M. H. Feng, of the West 
Lake Provincial Museum, aided me in various ways, and it is a 
pleasure to acknowledge here their generous help and hearty 
cooperation. 

HISTORY 

The history of the Siphonaptera, taxonomically speaking, be- 
gins with the description of the cosmopolitan human flea, Pulex 
irritans, by Linnaeus in his classical work. Systems Naturae.® 
The first Chinese species reported was a sand flea, recorded in 
1894 by Blandford, who doubtfully identified it as Tunga pene- 
trans; this species was later found by Jordan and Rothschild 
to be a different species, named in 1921 Tunga cascigena. In 
1910 Dampf described Nycteridopsylla galba, an interesting bat 
flea from Shanghai, The following year, 1911, was marked by 
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a large crop of Chinese forms described by Jordan and Roth- 
schild. In 1912 Rothschild discovered, besides two other species, 
a jigger flea, VermipsyUa dorcadia, the females of which are 
sedentary maggotlike creatures parasitic in the roedeer’s nos- 
trils, and the males lead an active life in the thick coat of the 
same animal. Little wa.s done between 1913 and 1920, while 
the period from 1921 to the present has been one of great activity 
in the study of this group. The untimely death of the Honorable 
N. C. Rothschild in 1923 was undoubtedly a great loss to science 
in this field. Most of the Chinese forms were later discovered 
by Dr. Karl Jordan and to a lesser extent by Dr. Julius Wagner, 
both of these workers being leading world authorities on this 
order of insects. Dr. H. M. Jettmar's collection of Siphonap- 
tera from Mongolia and Manchuria, and Mr. H. Stevens’s col- 
lection on the Kelley-Roosevelt Expedition in Yunnan and 
Szechuan yielded a numter of new genera and species and con- 
tributed much to our knowledge of the fleas of northern and 
western China. Up to the present 73 species have been described 
or recorded from China, distributed in 6 families, 8 subfamilies, 
and 29 genera (Table 1). 

In Table 2 a complete list of the 73 species of Chinese fleas 
is given together with the collections in which the types of each 
species arc deposited. Two new .species and one new genus are 
included. 

TAXONOMIC CHARACTERS 

Head . — The head is divided by the antennal groove into an 
anterior and a posterior portion, known as the front and oc- 
ciput, respectively. The lateral lower portion of the front 
beneath the eye is the gena, and its prolongation backwards, 
the genal process. The antennal groove is said to be closed 
if tins genal process extends so far back as to meet the occiput, 
or open if it is short and widely separated from the occiput. 
The frontal margin may be entire or notched, forming the 
frontal tubercle. The eye may be present, absent, or rudimen- 
tary. The antenna at rest lies in the antennal groove, the 
dorsum or venter of which may be open or closed. It con- 
sists of three parts, the fir.st segment (scape), the second seg- 
ment (pedicel) and the distal part (club). The pedicel usually 
bears a number of bristles which may or may not extend be- 
yond the club. The club is composed of nine segments, the 
degree of this segmentation being of taxonomic value as some 
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Table 2. — List of Chine$e speciee of fleas and collections in which 
they are deposited 

Group. Typ« collection. 

1. Family Ceratophyllidae Datnpf, 1908. 

Subfamily Ceratophyllinae Dampf, 1908. 

1. Genus Ceratophyllvs Curtis, 1832 (senau 

lato). 

1. (Ceratophyllus) gallium (Schrank), ? 

1803 

2. (Ceratophyllus) simcMS Jordan, 1932 Zool. Mus. Tring* 

3. (Monopsyllus) a Rothschild, 1907 Do. 

4. (N osopsyllus) fasciatus (Bose), 1801 ? 

5. (Gerbillophihis) Imviceps ellobiiWag- Zool. Mus. USSR^ 

Tier, 1929. 

6. (Callopsylla) kozlovi Wagner, 1929 Do. 

7. (Callopsylla) dolabris Jordan et Zool. Mus. Tring 

Rothschild, 1911. 

8. (Callopsylla) fcasrnafco pi Wagner, 1929 Zool. Mus. USSR 
9a. (Citellophilus) tesquorum mongolU Zool. Mus. Tring 

CU8 Jordan et Rothschild, 1911. 

96. (Citellophilus) tesquorum sungaris Do. 

Jordan, 1929. 

9c. (Citellophilus) tesquorum famulus Do. 

Jordan et Rothschild, 1911, 

10. (?) phmopis Jordan et Rothschild, Do. 

1911. 

11. (?) sparsilis Jordan et Rothschild, Do. 

1922. 

2. Genus Diamanus Jordan, 1933. 

12. mandarinus (Jordan et Rothschild), Do. 

1911. 

13. wontariMS (Baker), 1895 U. S. Nat. Mus.® 

3. Genus Dropsy lla Wagner et loff, 1926. 

14a. silantiewi silantiewi (W agner) , Wagner Coll. (?) 

146. silantiewi crassus (Jordan et Roth- Zool. Mus. Tring 
schild), 1911. 

15. elana Jordan, 1929 Do. 

4. Genus Amphalius Jordan, 1933. 

16. runatus (Jordan et Rothschild), 1923 Do. 

n.clarus (Jordan et Rothschild), 1922 Do. 

6. Genus Paraceras Wagner, 1916. 

IS.erispus (Jordan et Rothschild), 1911 Zool. Mus. Tring 

19. sinensis (Liu), 1935 “JJ. S. Nat. Mus. 

6. Genus Neoceratophyllus gen. nov. 

20. trispinosus sp. nov. Liu Coll.‘ 

• England. 

^Akademy of Sciences, Leninirrsd, tJSSH. 

•Washington, D. C. 

^Division of Entomolosry, National University of Oheklang, Hangchow. 
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Tabu: 2. — Ldat of Chinese species of fleas and collections in which 
they are deposited — Continued. 


Group. 

7. Genus Aceratophylhis Ewing, 1929. 

21. euteles (Jordan et Rothschild), 1911 

8. Genus Paradoxopeyllm Miyajima et Koid- 

sumi, 1909. 

22. eurvispimts Miyajima et Koidsumi, 

1909. 

23. eustodis Jordan, 1982 

24. conveniens Wagner, 1929 

9. Genus Ophthalmopaylla Wagrner et loff, 

1926. 

25. pi'fcfectus pemix Jordan, 1929 

26. kukuschkini loff, 1927 
21. jettmari Jordan, 1929 

28. kiritschenkoi Wagner, 1929 

10. Genus Front opsylla Wagner et loff, 1926. 

29. elata hotis Jordan, 1929 

30a. hjLculenta lucuUnia (Jordan et 
Rothschild), 1928. 

306. liiculenia parilis Jordan, 1929 
Zl.wagncri loff, 1927 
82. hetera Wagner, 1932 
33a. spadix spadix (Jordan et Roth- 
schild), 1921. 

386. spadix canaa Jordan, 1932 

11. Genus Geusihia Jordan, 1932. 

34. toroaa. Jordan, 1932 

12. Genus Avipkipsylla Wagner, 1908. 

36. tvta Wagner, 1929 
36. aspalacis Jordan, 1929 
^l.casis Jordan et Rothschild, 1911 

38. mitis Jordan, 1929 

39. vinogradovi loff, 1927 
Subfamily Ctenophthalminae Rothschild, 1915. 

18. Genus Ctenophthalmus Kolenati, 1867. 

40. parcus Jordan, 1982 

41. yun7ianu8 Jordan, 1982 

42. dinormus Jordan, 1932 
Subfamily Rhadinopsyllin® Wagner, 1930. 

14. Genus Stenischm Jordan, 1932, 

48. mirabilis Jordan, 1932 

15. Genus Recto frontia Wagner et Argyro- 

pulo, 1934. 

44. dahurica (Jordan et Rothschild) , 
1923. 

46. tenella (Jordan) . 1929 
46. dives (Jordan), 1929 


Typ* coUeetlon. 
Zool. Mus. Tring 


Zool. Mus. Tring 
Zool. Mus. USSR 


Zool. Mus. Tring 
Zool. Mus. USSR 
Zool. Mus. Tring 
Zool. Mus. USSR 

Zool. Mus. Tring 
Do. 

Do. 

Zool. Mas. USSR 
? 

Zool. Mus. Tring 
Do. 

Do. 

Zool. Mus. USSR 
Zool. Mus. Tring 
Do. 

Do. 

Zool. Mus. USSR 


Zool, Mus. Tring 
Do. 

Do. 


Do. 


Do. 

Do. 

Do. 
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TaSUB 2 . — List of Chinese species of fleas and eolleeiions in which 
they are depowfed— Continued. 


Group. 

Al.jaonia (Jordan), 1929 
iSAnaolifa (Jordan), 1929 
49. ac^o/a (Wa^arnor), 1929 
60.vicina (Wagner), 1929 

2. Family Ctenopsyllid© Baker, 1905, 

Subfamily Ctenopsyllin® Wagner, 1927. 

16. Genus Stenoponia Jordan ei Rothschild, 

1911. 

51. ewkstw Jordan et Rothschild, 1911 

17. Genus Palfpopaylla Wagner, 1902. 

62. remofa Jordan, 1929 

18. Genus Ctenopsyllufi Kolenati, 1862. 

5H. segnia (Schdnhcrr), 1811 

19. Genus Pfcthiocic'nns Wagner, 1929. 

64. adalis Jordan, 1029 
Subfamily Neopsyllinaa Oudemans, 1909. 

20. Genus N copay Ua Wagner, 1902. 

55. bidentafAformia (Wagner), 1893 

56. anoma Rothschild, 1912 

67. aliena Jordan et Rothschild, 1911 

68. compar Jordan et Rothschild, 1911 

59. atevenai Rothschild, 1915 

60. apecialie Jordan, 1932 

61. honora Jordan, 1932 

3. Family Ischnopsyllid® Wahlgren, 1907. 

21. Genus lachnopsyllua Westwood, 1838. 

62. comana Jordan et Rothschild, 1921 
68. needhamia Had, 1985 

64. tateiahii Sugimoto, 1933 

22. Genus Myodopaylh Jordan et Rothschild, 

1911. 

66. Maellia Jordan, 1929 

23. Genus NyrteridopatfUa Oudemans, 1906. 

66. galba Dampf, 1910 

4. Family Vermipsyllidae Wagner, 1889. 

24. Genus Chmtopaylk Kohaut, 1903. 

67. hangchowenaia sp. nov. 

26. Genus Vcrmipaylla Schimkewitsch, 1886. 

68. dorcadia Rothschild, 1912 


Tjrpe coUeotion. 

Zool, Mus. Tring 
Do. 

Zool. Mus. USSR 
Do. 


Zool. Mus. Tring 
Do. 

Do. 


Zool. Mus. Tring 


Wagner Coll. (?) 
Zool. Mus. Tring 
Do. 

Do. 

Do. 

Do. 

Do. 


Do. 

Hsii Coll.^ 
Sugimoto Coll.' 


Zool. Mus. Tring 

Kdnigsberg Mus.* or 
Dampf Coll. 

Liu Coll. 

Zool. Mus. Tring 


• Y. C. Had Collection, Bureau of Entomoloiry. Hangchow. 

^ Veterinary laboratory. Talhoku Imperial Univ^lty, Formota. 
» KSnigiberg, Prujiiiia. 
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Table of Chinese species of fleas and collections in which 

they are deposited — Continued. 

Group. 

6. Family Pulicid® Taschenberg, 1880. 

Subfamily Pulicinie Tiraboschi, 1904. 

26; Genus Ctenocephaiides Stiles et Collins, 

1980. 

<59. canis (Curtis), 1826 

10. felis (Bouche), 1885 

27. Genus Archmopsylla Dampf, 1908. 

71. sinensis Jordan et Rothschild, 1911 

28. Genus Xenopsylla Glinkewicz, 1907. 

12. cheopis (Rothschild), 1903 

29. Genus Pulex Linhaeus, 1758. 

78, irritana Linnaeus, 1768 
6. Family Hectof)syllid8e Baker, 1904. 

Subfamily Echidnophaginae Wagner, 1927. 

30. Genus Echidnophaga Cliff, 1886. 

14. gallinacea (Westwood), 1875 
Subfamily Sarcopsyllinae Wagner, 1927. 

31. Genus Dermatophilus Guerin, 1838. 

75. emdgena (Jordan et Rothschild) , 1921 

London. EnsrUnd. 

species have their club partially segmented only on the pos- 
terior border instead of completely segmented all the way 
around. In a number of genera the gena bears a genal comb of 
spines arranged either horizontally or vertically. Occasionally 
the anterior end of the head is provided on each side with a pair 
of anteroventral (oral) flaps which are in reality modified 
genal spines. Seise are present on the head in definite rows 
which are named according to their site, such as frontal row, 
prefrontal row, ocular row, and occipital rows. The maxillae, 
as a rule, are triangular, with an acute apex. The length and 
the number of joints of the labial palpus are diagnostic of 
genera. 

Thorax . — The pro-, meso-, and metathorax are formed of a 
dorsal portion (notum) and a ventral portion (sternum). In 
many genera the pronotum bears a pronotal comb. The pro- 
stemum is undivided, but the lateral portions of the meso- and 
metasterna are divided by an internal, rodlike, sclerotized 
thickening extending upward from the insertion of the coxa, 
into an anterior and a posterior part, the sternal and the raeral 
portion (epimeron). The sternal portion is further divided 
into an upper part, the epistemum, and a lower part, the 
sternum. The epimeron of the metathorax is broad, overlap- 


Type collection. 

? 

? 

Zook Mus. Tring 
Bo. 

Linmean Society ** 

? 

Zool. Mus. Tring 
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ping the abdomen and supplanting the sternite ‘of the first 
abdominal segment. There is a spiracle on both sides of each 
thoracic segment, the third being located at the upper edge of 
the metepimeron. In general the thorax is well developed, but 
in a few cases it is greatly reduced. Setse are usually present 
in rows on the notum and metepimeron. The three pairs of 
legs are rather specialized. The coxa is a broad plate with or 
without spinelets and longish hairs. The presence or absence 
of hairs on the inner and outer surfaces of the femur are also 
important in classification. The tibia widens out at its distal 



extremity, and its strong bristles along the dorsum may be in 
a comb, rows, pairs, or even triples. The last tarsal segments 
are provided with lateral pairs of plantar bristles, the number 
and arrangement of which are of taxonomic value. Some fleas 
have the first pair of plantar bristles moved ventrad in between 
the second pair, while others do not. 

Abdomen . — ^The abdomen bears ten segments. Spiracles are 
present in the pleural membrane on each side of the second to 
the seventh abdominal segments. The abdominal segments are 
clothed with setse or bristles .and sometimes have small apical 
teeth and combs of spines. The first abdominal sternite is al- 
ways missing. 
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Modified mgments . — The seventh tergite bears on or near 
its dorsoapical margin on each side one or more stout ante* 
pygidial bristles, ant b, sometimes arising from a conelike 
process. Behind these bristles is a sensory organ, known as 
the pygidium, pyg, which is carried on the dorsal portion of 
the ninth tergite, and separated from the seventh tergite by the 
dorsal part of the eighth tergite which contains the eighth or 
last spiracle. The size of the spiracle (stigma), particularly 
that of the eighth abdominal tergite and of the metathorax, is 
useful in the differentiation of certain genera. 



Fig. 2. Modifled seffinenta o£ a mule flea. 


Male . — ^The eighth tergite, St, is a broad plate which conceals 
the ninth segment. The eighth sternite, 8s, is usually rodlike 
and sometimes bears a membranous flap. The structure of the 
clasping organa is a matter of much concern in describing spe- 
cies. The clasping organa are evolved from the ninth abdo- 
minal segment and are divided into the upper and lower 
claspers. In general the upper claspers, which are developed 
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from the ninth tergite, comprise three parts: a more or less 
broad, irregularly shaped plate or body of the clasper el, a long 
process extending cephaloventrad and known as the manubrium, 
-Hi, and a pair of movable fingers or exopjodites, f, each articulated 
to the plate. In some species there may be two or more mov- 
able lingers on each side. Above and anterior to the insertion 
of the movable finger, the body of the clasper may be prolonged 
to form one, and sometimes two, conelike processes, p. At or 
near the point of insertion of the finger there are usually two 
stout acetabular bristles. The lower clasper, da, which is derived 
from the ninth sternite, frequently appears as a boomerang on 
side view. It consists of an internal anterior arm (vertical 
arm), Aa, and an external posterior arm (horizontal arm), 
pa. The former extends upward to the base of the manubrium 
lying on its outer side and exhibits different degrees of curva- 
ture, and the latter may project distally from the end of the 
abdomen and is sometimas divided into lobes or fused with its 
fellow of the opposite side. "During the act of copulation the 
penis is protruded between the upper and lower claspers. The 
ceiling of the spring of the penis may be incomplete, complete, 
or double. The paramere, par, of the penis is usually membra- 
nous. Posterior to the pygidium are two bristled structures 
known as the tenth tergite, lOt, and tenth sternite, 10s (anal 
tergite or sternite). 

Female . — The apex of the seventh sternite, l.<<, is character- 
istic of the species and is therefore of great taxonomic value. 
The eighth tergite, 8<, is a broad plate, its lateral portion ex- 
panding to form a broad lobe which conceals the ninth tergite 
and the ninth sternite between which the vulva is located. The 
eighth sternite, S.*?, is usually an elongated arm situated ventrad 
between the seventh sternite and the eighth tergite. The tenth 
tergite, lOf, and the tenth .sternite, lO.s. appear as two small 
flaps posterior to the pygidium. The tenth tergite bears a small 
bristled process known as the stylet, sty. The anus in both 
sexes is located between the tenth tergite and the tenth sternite. 
Some accessory reproductive organa are almost as valuable in 
the determination of species in the female as the claspers are 
in the male. This is especially true of the spermatheca (recep- 
taculum seminis) , the bursa copulatrix, and the accessory ducts. 
The spermatheca, sp, is made- up of a dilated portion or head 
(body) and a contracted portion or tail (appendix) . Attached 
to the apex of the head is the tortuous coil of the duct of the 
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spermatheca (ductus receptaculi seminis) . Its distal part, 
which is connected with the head, is in some species dilated and 
known as pars dilatata, and its proximal part empties into the 
bursa copulatrix which receives the penis during copulation. 
The bursa copulatrix 
is usually divided into 
three parts, a dilated 
upper part, a middle 
part usually more 
sclerotized than the 
rest, and a lower part 
or duct. The upper 
part is connected to 
the duct of the sper- 
matheca on the one 
hand, and is some- 
times connected to a 
blind duct known as 
ductus obturatorius on 
the other hand The aegmcnta of a femaJe flea. 

spermatheca and part of the bursa copulatrix are more or less 
sclerotized and are therefore easily recognized. The ducts are, 
however, more difficult to see and study. 

Order SIPHONAPTERA 

Small, wingless, laterally compressed insects, usually with 
dark-colored, bristly body and legs, heavily sclerotized; ectopa- 
rasitic in the adult stage on mammals, or occasionally on birds. 
Head small. clo.scly articulated with thorax. Antennaj short 
and thick, with two large basal joints and an oval or elongate 
apical portion reposing in grooves. Eyes present or absent. 
Mouth parts fitted or piercing and sucking, mandibles setiform, 
maxillai bladclike; both pairs of palpi well developed. Thorax 
small, composed of three freely movable segments. Legs large, 
stout; coxae very large, tarsi 6-jointed, with stout claws. Ab- 
domen large, composed of ten segment.s. Metamorphosi.s com- 
plete; larvae elongate, cylindrical, legless, with well-developed 
head and biting mouth parts; free living. Pupae enclosed in 
cocoons. (Modified from Brues and Melander, 1932). 

Key to the familiea of Sipkonaptora. 

1 Thorajt not reduced, thrcpo thoracic terg^tes together longer than first 
abdominal tergite. Abdomen of firravid female only slightly, if at all, 
distended 2. 
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Thorax eonsidorably reduced, three thoracic tergites together shorter than 
first abdominal tergite. Abdomen of gravid female greatly distended, 

Hbctopsyllidje. 

2. Clasper of male with one movable finger on each side. Hind coxce usually 

without spinelets on ixmer side. Typical abdominal tergites usually 

with at least two rows of setae 3, 

Clasper of male with two movable fingers on each side. Hind coxae with 
spinelets on inner side. Typical abdominal tergites with but a single 
row of setae PuuciDi®:. 

3. With or without comb, in latter case antepygidial bristles always present 

in both sexes. Abdominal tergites provided with tiny apical teeth 4. 

With neither comb nor antepygidial bristles. Abdominal tergites with- 
out tiny apical teeth Vermipsyllid.®. 

4 . Vertical suture between bases of antennal grooves absent or rudimentary. 

Abdomen without combs. Hoad without preoral flaps. Abdomen of 

female with only one spermatheca CEaATOPHYLLXDJB. 

Vertical suture between bases of antennal grooves distinctly present. 
Abdomen sometimes with combs. Head sometimes with preoral flaps. 

Abdomen of female often with two spermathecae 5. 

6. Head without two preoral flaps on each side. Mainly on rodents, not 

on bats Ctenopsyludje. 

Head with two preoral flaps on each side. On bats IscHNOPSYLLiDiB. 

1. Family CERATOPHYLLID^ Dampf, 1908 

Head with or without genal comb. Eyes present or ab- 
sent. Vertical suture between bases of antennal grooves absent 
or rudimentary. Preoral flaps lacking. Thorax not strongly 
shortened, its tergites together longer than first abdominal ter- 
gite. Pronotal comb often present. Abdomen without combs, 
with tiny apical teeth on some tergites, with more than a single 
row of bristles to each typical abdominal tergite. Antepygidial 
bristles present in both sexes. Clasper of male with one movable 
finger. Abdomen of gravid female only slightly distended, 
provided with oi.ly one spermatheca. The largest family of the 
order Siphonaptera. 

Key to the subfamilieB of CeratophylUdm. 

1. Head without genal comb CeratophyllinjE. 

Head with genal comb 2. 

2. Genal comb horizontal, composed of throe nearly equal spines. Both 

sexes with antepygidial bristles Ctenophthalminjc. 

Genal comb obliquely vertical, composed of four to six spines. Male 
with antepygidial bristles Rhadinopsylltn.*. 

Subfamily CERA.TOPHYl-l-IN.<«: Dampf, 1908 

Head without genal comb, with a frontal tubercle. Eyes 
present or absent Antennal groove usually widely open in both 
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86 X 63 . As a rule, antepygidial bristles present in both sexes; 
females in general with three large antepygidial bristles, males 
with one large antepygidial bristle on each side. 

Key to the genera of Ceratophyllinm. 

1. Ocular bristle situated below upper margin of eye and in front of eye. 

Front without internal sclerotized rod before oye 2. 

Ocular bristle situated above upper margin of eye and near margin of 
antennal groove. Front with internal sclerotized rod before eye, its 
anterior apex located near midbristle of ocular row and winding up- 
wards, disappearing at eye, and terminating at apex of genal pro« 
cess 8. 

2. First pair of plantar bristles shifted ventrad and located almost in be- 

tween second pair. Finger of male with ventral process near base.... 3. 
First pair of plantar bristles not, or only slightly, shifted ventrad, not 
located in between second pair 4. 

8. Inner surface of mid- and hind coxse without longish thin bristles from 
base to apex. Fore femur with lateral bristle on outer surface. 7f 
not projecting medianly in between two sets of antepygidial bristles. 
Male, finger with one ventral process. Ejaculatory duct normal. 
Female, stylet with one bristle at apex. Division betwetm head and 

tail of spermatheca distinct Aceratophyllus Ewing. 

Inner surface of mid- and hind coxae with longish thin bristles from 
base to apex. Fore femur with several small lateral bristles on outer 
surface. It slightly projecting medianly in between two sets of ante- 
pygidial bristles. Male, finger with two ventral processes. Ejacu- 
latory duct deeply curved twice. Female, stylet with numerous bristles 
at rounded apex. Division between head and tail not distinct. 

Ampkalius Jordan. 

4 . Inner surface of mid- and hind coxas without longiwsh thin bristles. It 
with a short median process in between two sets of antepygidial 

bristles N eoceratophyllus gen. nov. 

Inner surface of mid- and hind coxae with longish thin bristles. It as 
a rule without median process in between two sets of antepygidial 
' bristles 6. 

6. Inner surface of mid- and hind coxce with longish thin bristles from base 
to apex. Labial palpus reaching to, or beyond, apex of fore tro- 
chanter 6. 

Inner surface of mid- and hind cox® with longish thin bristles at most 
in apical half. If bristles are present on basal half, the hind part 
of St of male is widened to form a dorsal projection and the anal 
stemite is longitudinally split into two lobes and is much longer than 
the anal tergite. Labial palpus, except in the subgenus Citellophilua 
and in the section GcrhillophilxiB, reaching, or not reaching, to apex 
of forecoxa Ceratophyll%i$ Curtis, (senau lato). 

6. Outer surface of fore femur usually without lateral bristles. Male, 
bristles of second antennal segment reaching beyond apex of club. 
Three antepygidial bristles all spinelike, two outer ones much shorter. 
Bt with dorsal spiculose area on inner side. Female with three antepy- 
gidial bristles. Stylet with one lateral bristle Paraoeraa Wagner. 
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Outer surface of fore femur with few lateral bristles* Male, bristles 
of second antennal secrment not reaching to one-third of club. One 
antepygidial bristle as a rule, upper one minute, lower one minute or 
wanting. St without dorsal spiculose area on inner side. Female 
with two to three antepygidial bristles. Stylet with two to five lateral 
bristles 7, 

7. Male, 8a narrow, with apical bristles, but without membranous flap. 

Finger claviform. Female, three antepygidial bristles (sometimes 
two to five). Stylet with two to five lateral bristles. 

Dropsy lla Wagner et lofT, 

Male, 8a small or rudimentary. Finger swordlike. P'emale, two ante- 
pygidial bristles. Stylet with dorsal lateral bristle smaller than ven- 
tral Diamanus Jordan. 

8. First pair of plantar bristles of fifth tarsal segment shifted ventrad 

and situated between second pair. Eye almost rudimentary or lack- 
ing. Hind tibia, in addition to usual spines, with an apical comb 
row of three or four short and equal spines. Male clasper without 
acetabular bristles Amphipaylla Wagner. 

First pair of plantar bristles of fifth tarsal segment not shifted ventrad; 
if so, not situated (between second pair. Eyes developed, often divided 
into two parts, upper light-colored, lower dark. Hind tibia without 
apical comb row. Male clasper with one or two acetabular bristles . 9. 

9. Antepygidial bristles present in both sexes. It without median process. 

St dorsolaterally without elongate, horizontal sclerite bearing a con- 
dylus 10. 

Antepygidial bristles none in male, three in female. It with median 
process reaching to middle of pygidium in male and shorter in female. 
St dorsolaterally with an elongate, horizontal sclerite bearing a con- 
dylus - Gensibia Jordan. 

10. Eye peculiarly divided into an upper lightly pigmented and a lower 

deeply pigmented part which appears as a second eye. All three 
antepygidial bristles in male spinelike. Clasper with acetabular 
projection bearing a single acetabular bristle. 

Ophthalmopsylla Wagner et loff. 

Eye normal. One or sometimes both of outer two of three antepygidial 
bristles in male minute or wanting. Clasper often without acetabular 
projection, but bearing one or two acetabular bristles 11. 

11. Occiput with two rows of bristles (excluding apical row). Frontal 

tubercle conical. Male, clasper with two acetabular bristles. St 
longitudinally divided into two lobes. Female, division between head 
and tail of spermatheca not distinct Froviopsylla Wagner et loff. 

Occiput with one rudimentary row of bristles as a rule. Frontal tubercle 
small or wanting. Male, clasper with one, scarcely two, acetabular 
bristles. not longitudinally divided into two lobes. Female, divi- 
sion between head and tail distinct. 

Paradoxopsyllm Miyajima et Koidsumi. 

1. (^nus CimATOPHYLLUS Curtis. 1832 (sensu lato) 

Labial palpus reaching to apex of forecoxa in most cases, 
but in subgenus CitellofhUm extending beyond apex of fore tro- 
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chanter. Ocular bristle situated lower than upper nuurgin of 
eye. Bristles of second antennal sefirment in male never project- 
ing beyond apex of club. One frontal row of none to seven 
bristles in female (except in subgenus Pleochmtia in which one 
or two rows may be present) . Inner surface of mid- and hind 
coxae with longish thin bristles at most in apical half; if bristles 
are present on basal half, posterior portion of 8f of female 
widened to form a process at top and anal stemite longitudinally 
split into two lobes and much longer than anal tergite. Outer 
surface of fore femur with a number of small lateral bristles. 
Longest bristle of second hind tarsal segment often not reaching 
beyond apex of fourth. First pair of plantar bristles of fifth 
tarsal segment situated as laterally as are other pairs or only 
slightly moved ventrad. Male, one or both of the outer two of 
three antepygidial bristles minute or wanting. 8s, except in 
subgenus Noaopsyllus, well developed. Finger of various forms. 
Ejaculatory duct normal. Female, two or three antepygidial 
bristles. Stylet with one apical bristle, and one to three lateral 
bristles. 

The old genus Ceratophyllus has for years been the most puz- 
zling group of Siphonaptera. A few years ago it was broken 
up into a number of genera by Wagner (1927, 1934) and Jordan 
(1933). Recently loff (1986) studied the subfamily Cera- 
tophyllinae and, as a result, suppressed some of Jordan’.** and 
Wagner’s genera as subgenera of Ceratophyllus (sensu lato). 

Key to the subgenera of Ceratophyllus (sensn lato). 

1. Male, 8 » rudimentary. Two antepy^dial bristles, upper bristle short but 

stout, l<)W(ir nulinientary. Female, bursa copulatrix rolled up as « 

spiral Nosopsyllus Jordan {sensn lato) 2 . 

Male, 8 h developed. Usually one antepygidial bristle, outer two either 
rudimentary or of unstable stoutness. Female, bursa copulatrix not 
rolled up as a spiral 3 ^ 

2. Longest apical bristle of second hind tarsal segment extending beyond 

apex of fourth segment § GcrbUlopkilus V^agner, 

Longest apical bristle of second hind tarsal segment not extending beyond 
apex of fourth segment § Nosopsyllus Jordan (sensu strieto). 

3. Inner surface of mid- and hind cox» with longish thin bristles not only 

on apical half but also on basal half. Male, anal stemite projecting 

considerably beyond anal tergite. Bursa copulatrix sac-shaped 4 . 

Inner surface of mid- and hind cox« with longish thin bristles only on 
apical half 6. 

4. Male, 8t with dorsal spiculose area on inner side. Posterior apex of 

finger with stout bristles or a pair of sharp spiniforms which are not 
close to each other. Female, two antepygidial bristles. 

Citellophilus Wagner. 

um — 2 
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Male, without dorsal spicolose area on inner side. Posterior apex d 
finger with two ehort, blunt, dark splniforms which are close to each 

other. Female, three antepygidial bristles Calloptylla Wagner« 

6. Pronotal comb consisting of twenty-four spines or more, seldom twenty- 
three. Male, St with dorsal spiculose area on inner side. 

Ceratophyllua Curtis (aensu atricto), 

Pronotal comb consisting of less than twenty-four spines. Male, St with- 
out dorsal spiculose area on inner side. 

Monopayllua Kolenati {aenau atricto)* 

1. SobfCBBt CBRATOPHTLLU8 CiirtU. 18S2 (tMun atricto) 

Frontal row developed, two to seven bristles in female. Eyes 
developed. Labial palpus not reaching to apex of fore coxa. 
Bristles of second antennal segment extending to middle or 
three-fourths of club in male and beyond apex of club in female. 
First occipital row consisting of none or one bristle, second 
occipital row consisting of two bristles, Pronotal comb with 
twenty-four or more spines. Inner surface of mid- and hind 
coxae with longish thin bristles only on apical half. Longest 
bristle of second hind tarsal segment not reaching beyond apex 
of fourth segment. Male, one long antepygidial bristle, other 
two minute. 8f with spiculose area. 8s rodlike, with apical 
bristles (often spiniform) and membranous apical flap. 98 with 
apex of anterior arm widened posteriorly and with antemedian 
portion of posterior arm roundly dilated. Female, three antepy- 
gidial bristies (one long, other two much shorter) . Stylet with 
one to three lateral bristles. Bursa copulatrix and spermatheca 
variable, in iTpical species portion of duct of spermatheca 
nearest bursa copulatrix more strongly sclerotized, being a 
conspicuous tube, head of spermatheca cylindrical, concave above, 
several times as long as broad. 

Key to the apeeiee of the tubgenue CeratophyUua. 

1. Female, apex of 7a strongly ronnded. Male, anterior and posterior mar- 
gins of finger almost parallel in upper half. Notch of anterior margin 
finger at or near third from bottom. 8a with two or three apical 
bristles on each elde. C. galUnm (Schrank). 

Female, apex of 7s rounded in upper half, incurved in lower half. Male 
unknown C, tinieut Jordan. 

CBBATOPHTXXVS (CBKATOPHTLLtrS) GALLOUB (Behruik, 180S>. Tort Sc. 4 rad f. 

Frontal row present. First occipital row represented by one 
bristle near base of antennal groove, second occipital row com- 
posed of a short and a long bristle above middle of antennal 
groove. Pronotal comb one-eighth shorter than pronotum and 
eonsistingr of twenty-six to twenty-eight spines. Aidcal area of 
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metanotum one-third shorter than corresponding area of meso- 
notum and bearing on each side two short apical spines, 

Male. — 8f with six or seven bristles at and near margin and 
a few on lateral surface. Ss evenly curved, with two or three 
long apical bristles on each side, these bristles about one-fifth 
shorter than finger. Process of clasper short, triangular. Finger 
four times as long as broad, posterior margin slightly incurved 
below center, then feebly convex, apex rounded. Finger exclud- 
ing basal region of almost even width; three long bristles on 
apical half of posterior margin, upper bristle thinner and shorter 
than others ; in between upper bristle and the next a short thin 
spinelike bristle; finger measured from most ventral point to 
upper anterior angle with notch of anterior margin at one-third 
or two-fifths from bottom. End piece of paramere twice as long 
as width of finger. 




Fig. 6. Ccratophylitu {CefratopkylUta) 
gnUime, female. (After Jordan 
and ‘ Bothschild. ) 


Female . — ^Apex of Is strongly rounded, without sinus. 8t 
with three to five bristles below stigma, one or two long, on 
ventral area of 8t about a dozen bristles. Stylet about three 
times as long as broad. Head of spermatheca long and slender, 
almost three times as long as broad, and twice length of tail, 
which is two-thirds width of head. 


t. CBBATOFHTLLUS (CERATOPHYLLUS) SINICUB Jordan. ltS2. Text U- «. 

Female . — Anterior frontal row composed of four or five 
bristles. Pronotum with a comb of twenty-eight spines and a 
row of fourteen long bristles. On meso- and metanota a row 
of eleven to twelve bristles and in front of row about twenty- 
two small bristles. Mesonotum with eight false spines. Metepi- 
meron with three rows of bristles (two or three, three, one). 
Apex of 7s slightly incurved in ventral half, upper half strongly 
rounded and projecting beyond ventral half. 8f with ten or 
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eleven bristles above stigma and three or four below stigma. 
Stylet less than twice as long as broad, and provided with three 
lateral bristles. Apex of bursa copulatrix sclerihed. Sclerihed 
portion of duct of spermatheca as long as bursa copulatrix and 

duct combined. Sperrna- 
theca with a curved cy- 
lindrical head which is 
about three times as long 
as tail; tail only little 
narrower than head. 

2. Snbcenao MONOPSYI.UT8 
Kolcnati, I8<7 

Frontal row present, 
one to five bri.stles in fe- 
male. Eye not reduced. 
Labial palpus reaching 
about to apex of fore 
coxa. Bristles of second 
antennal segment reach- 
ing, or not reaching, to 
middle of club in male 
and to one-half to three-fourths in female. First occipital row 
of none to two bristles with one bristle as a rule, second row 
of two bristles. Pronotal comb of twenty-two or fewer spines. 
Inner surface of mid- and hind coxse with longish thin bristles 
at most in apical half. None of bristles of first and second hind 
tarsal segments extending beyond following segment. 

Male . — Three antepygidial bristles, one long, outer two of 
varying stoutness. &t without dorsal spiculose area on inner 
side. 8s narrow, with or. without membranous apical flap. 
Frontal margin of 9t forming with manubrium of clasper an 
acute, rounded-off angle. 

Female . — Three antepygidial bristles. Stylet with two lateral 
bristles. Spermatheca of various forms. 

S. CBItATOPHYL.I.nS (MONOPSYLLUS) ANISITS BothBchlld, 1»«8. T«xt <». 7 and 8. 

Frontal tubercle prominent. Occiput with one long bristle 
above middle of hind margin of antennal groove and a smaller 
one above long bristle. Pronotal comb composed of sixteen to 
twenty spines. Longest apical bristle of second hind tarsal seg- 
ment somewhat shorter tiian third segment. 
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Mate . — with seven or eight bristles above and two below. 
8s very long and slender, little curved and ventrally near apex 



FlQ. 7. Ceratophyllua (Monop$yUua) 
anisut, malo. (After Jordan.) 


with two pairs of bristles. Process 
of clasper conical. Finger elongate, 
anterior apex pointed, posterior apex 
rounded, anterior margin distinctly 
excurved above acetabular bristles. 
Anterior arm of 9s strongly curved; 
central widened portion of posterior 
arm with numerous bristles. 

Female . — Three antepygidial bris- 
tles rather short. Apex of 7s rounded 
in outline. %t with several bristles 
below stigma, of which only one is 
very stout. Spermatheca resembling 
that of Ceratophyllus on birds, with 
its cylindrical head about three times 
as long as tail. 



Fjo. 8. CeratophyUuH {MonoyeyUuM) aniwJt, female. (After Jordan.) 


S. SnbfMiiu N080PSYLLUS Jordan* 1933 (aenan lato) 

Frontal row absent or present (none to six bristles in female) . 
Eyes not reduced. Labial palpus with apex reaching to or 
beyond apex of fore coxa. Bristles of second antennal segment 
not reaching to one-third of club in male, but reaching to middle 
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or beyond apex of club in female. First occipital row composed 
of none to two bristles, second row of one or two bristles. Pro- 
notal comb composed of fewer than twenty-four spines. Inner 
surface of mid- and hind coxse with longish thin bristles at most 
in apical half. Longest bristle of second hind tarsal segment 
reaching or not reaching beyond apex of fourth segment. 

Male . — One long antepygidial bristle, upper bristle short and 
stout, lower rudimentary. St without dorsal spiculose area on 
inner side. 8s rudimentary or quite small, within 7s, without 
bristles. 9s with anterior arm triangularly dilated on frontal 
side below apex and with posterior arm sinuate at middle. 

Female . — Three antepygidial bristles. Stylet with one single 
apical bristle and one lateral bristle. Spermatheca with nearly 
globular head and long cylindrical tail, Bursa copulatrix with 
long sclerotized duct, upper end membranous, rolled up in a 
spiral. 

Key to the sections of the subgenus Noeopsyllus. 

1. Labial palpus reaching to about apex of fore coxa. Frontal row com- 
posed of one to six bristles in female. Bristles of second antennal 
segment reaching to middle or beyond apex of club in female. Longest 
bristle of second hind tarsal segment not reaching beyond apex of 
fourth segment Noeopsyllus Jordan (sensu stricto). 

Labial palpus reaching to, or beyond, apex of fore coxa. Frontal row 
absent in female. Bristles of second antennal segment reaching beyond 
apex of club in female. Longest bristle of second hind tarsal segment 
reaching beyond apex of fourth segment Gerbillophilua Wagner. 

4. CBEXTOPHTLLUS (N080P8TLLUS) FA8CIATUS Bow, 1801. T«t Act. » and 10. 

Pronotal comb composed of about eighteen spines. Longest 
bristle of second hind tarsal segment not reaching to apex of 



Pla. 9, Ceratophylha (NoaopayOua) faaciatM, mal«, variationi 
of clamper, procaw, and finjrer, (After Jordan and Roth- 
aehlld.) 
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third segment. Fifth tarsal segments all slightly shorter than 
third hind tarsal segments. 

Male. — 8t rounded posteriorly. 8« small and situated within 
7s. Angle formed by dorsal portion of 9s and manubrium very 
obtuse. Process of clasper short, broad, truncate at apex. 
Posterior margin of finger in form of a semicircle; finger 
widest at notch of anterior margin and about twice as long as 
broad; apex hooked and directed fronted; upper half of pos- 
terior margin provided with two large bristles, upper bristle 
nearly always distinctly shorter than lower bristle; a thin 
bristle between stout bristles and another near apex; below 
middle of margin a third thin bristle accompanied by a smaller 



FlOL 10. CmutovhyUMB (Nonopsyllua) faaeiatus, female, variations of seventh sternlte and 
spennatotheca. (After Jordan and Bothsohild.) 


one. Anterior arm of 98 with a ventral sinus at apex; proximal 
to deep ventral sinus of posterior arm usually one or two bristles 
larger than others. 

Female . — Apex of 7s more or less irregularly rounded or 
slanting, sometimes slightly incurved, never distinctly sinuate. 
Stylet almost three times as long as broad, upper lateral bristle 
wanting. Spermatheca with nearly globular head; tail of even 
width and much longer than head. 

I* CBKATOPHT1.LUB (GBRBILLOPHILUS) LABVICBPS Wncnsr, 1929. Tsxt fix. 11. 

Frontal tubercle prominent. Occiput with one stout bristle 
behind posterior antennal margin. Pronotal comb composed of 
twenty to twenty-two spines, Mesonotum with two rows and 
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metanotum wild) three rows of bristles. Metepimeron with 
three rows of bristles (one or two, three or four, one or two) . 
Abdominal stemites of typical fen^e Imvieepe with numerous 
bristles. The present subspecies differs from the typical form 
in the absence of a group of additional lateral bristles on basal 
stemites and by a smaller number of bristles on abdominal 
sternites. 

Male. — 8f provided with six or 
seven marginal bristles along 
dorsal margin (instead of thir- 
teen in the typical subspecies, 
Isevieepa lasviceps Wagner, 
1909). Process of dasper 
thumblike, provided with three 
hairs at apex. Manubrium ta- 
pering toward apex which is, 
however, not pointed, but more 
or less rounded. Finger widest 
FM. 11 . cmtophyiiut ioerbiUvphiiua) im. distsl third snd less obliquely 

vieepe UsvicepB, toaIc. (After Watfner.) ^ ^ ^ , 

truncate at apex (obliquely 
truncate in Iteviceps lasviceps) ; posterior apical margin with 
two bristles, which are less apart than in the typical subspe- 
cies. Proximal apex of 9s enlarged into a club which is, how- 
ever, drawn out into a pointed apex; distal apex less markedly 
tapering or narrowed and provided with two spiniforms. 

Female. — 7s with a more or less truncate apex. 8< deeply 
sinuate at posterior apex and provided with numerous bristles 
near apical portion. Spermatheca with short oval head and a 
tail of even width. 

4. Babvaiiu CALLOPSTLLA Wsciur, 1934 

Frontal row either absent or unstable (as many as six bristles 
may be present). Eyes developed or nearly rudimentary. 
Labial palpus extending almost always to apex of fore coxa. 
Bristles of second antennal segment reaching at most to mid- 
dle of club in male, but beyond apex of club in female. First 
occipital row consisting of none to two bristles, second occipital 
row of one to five bristles. Pronotal comb composed, as a rule, 
of less than twenty-four spines, in one group composed of 
twenty-four to twenty-six spines. Inner surfaces of mid- and 
hind coxae with longish thin bristles from base (at least one) to 
apex. Longest apical bristles of second hind tarsal segment not 
reaching beyond apex of fourth segment. 
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Aftrfe.— One developed antepygidial bristle. 8t without spic- 
ulose area. 8a with apical membranous lobe or flap. Finger 
triangular or quadrangular, with two short blunt spiniforms 
which are close to each other and below which is a thickened 
bristle. Anal sternite projecting far beyond anal tergite. 

Female . — Three antepygridial bristles. Head of spermatheca 
barrel-shaped. Ductus obturatorius present. Bursa copulatrix 
with a saclike widening, usually with sclerotized incrassation. 
Three species known from China. 

Key to the epeoiet of CaUopsyUa. 

1. Frontal row reduced (none to three bristles). Two occipital rows re- 

duced (none or one, one) . Pronotal comb composed of less than twenty- 
four spines. Male, process of clasper long (more than twice as long as 
wide at base), dilated at apex. Finger with more or less rounded 
posterior apex. Female, apex of 7s truncate and slightly incurved 

twice — . 2. 

Frontal row developed (five or six bristles). Two occipital rows de- 
veloped (one or two, four or five). Pronotal comb composed of twenty- 
four to twenty-six spines. Male, process of clasper short (as long as 
wide at base), not distinctly dilated at apex. Finger with sharp pos- 
terior apex. Female, apex of 7s with a sinus, upper and lower lobes 
equally rounded off C. (C.) kazruikovi Wagner. 

2. Male, anterior and posterior margins of finger strongly arched, distal 

margin evenly rounded. Female unknown.... C. (C.) kozlovi Wagner. 
Male, anterior and posterior margins of finger not strongly arched, an- 
terior margin with an excurving and distal margin more or less straight. 
Female, apex of 7« truncate and slightly incurved twice. 

C. (C.) dolabria Jordan et Rothschild. 


«. CERATOPHYLLIIS (CALLOPSYLLA) KOZLOVI Wa»- 
ncr, lltZt. T«xl Sc. 12. 

Male . — Frontal tubercle prominent. 
Frontal row consisting of two or three 
bristles. First occipital row with only 
one very feeble bristle. Pronotal comb 
composed of eighteen or nineteen spines. 
8s on apex with three pairs of ventral 
bristles and a large, wide, membranous, 
apical, lateral lobe. Finger dilated at 
apex, sharply narrowed at basal portion 
so that it looks like a mushroom; hind 
dorsal comer with a pair of curved blunt 
spiniforms. 



FlO. 12. CeratophyUuB iCaUop^ 
(tyUa) koxlovi, male. (After 
Warner.) 
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7. CBBATOPBTLI.DS (CAU<0I>8TLLA) DOLABKIS Jardan at BatIudiUd, 1»U. Taxt 
i«»a It Mid 14. 

Frontal tubercle prominent. Bristles of second antennal seg- 
ment of female long, at least five reaching beyond apex of club. 
Occiput with one long bristle above antennal groove. Pronotal 
comb composed of seventeen or eighteen spines, usually an addi- 
tional small spine on each side. Meso- and metanota with two 
rows of bristles (six, twelve on two sides together). Metepi- 
meron with four to six bristles (one or two, two or three, one). 
Longest apical bristle of second hind tarsal segment reaching 
beyond apex of third segment. 




FlO. 18. C«raUn>hyUu9 iCoJlopityUa) dolabrii, Fig. 14. C«ratopAyUuf (CaUo%}9ylla) dolabris, 
mMi9, (Alter Jordan and Rothsehild.) /omale. (After Jordan and Rothicbild.) 


Male. — 8t with three bristles below stigma, a row of six to 
eight bristles at upper edge of apical lobe, with one or two 
bristles close to row and an irregular row of five or six bristles 
near ventral edge. 8s with three apical bristles on each side. 
Process of clasper dilated at apex. Finger triangular, upper 
apical margin on the whole more or less truncate though slightly 
wavy, anterior apical comer acute, on posterior apical corner 
two pointed spiniforms, above which is a long bristle and a little 
farther below, two long bristles. 9s with central ventral lobe 
of posterior arm bearing a number of rather strong, short 
bristles at apex; thin, pale, distal lobe paramecium-shaped. 

Female. — 7s truncate at apex, slightly incurved twice. 8t 
with five or six bristles below stigma in two rows, upper angle 
of apical lobe strongly rounded. 
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I. CIBATOPHTLLU8 (CA1XOP8YLLA) KAZMAKOVI W^ner, t*». Text 8*. II. 

Frontal tubercle marked. Frontal row composed of five or 
six bristles. First occipital row consisting of one or two, second 
of three to five bristles. Pronotal comb consisting of twenty- 
four spines. Longest apical bristle of first hind tarsal segment 
longer than second segment. 

Male . — 88 with two pairs of 
long subapical bristles and a 
nearly quadriform membranous 
lateral lobe. Process of clasper 
short and broad. Finger ax- 
shaped, fore and hind margins 
incurved, on posterior apex a 
pair of closely set, short spini- 
forms, immediately below these 
a long acute spine. Anterior 
arm of 9s nearly straight. 

Female . — Central antepygidial bristle about twice as long as 
others. Apex of la distinctly sinuate, upper and lower lobes 
equally rounded off. 8t with considerably stout marginal 
bristles and about ten lateral bristles. 



Fig. 15. CeratophyUw (CaUoptfUm) koMnu- 
kovi, niai«. (After lofl.) 


5. Snbftniia C1TELLOPH1LU6 Warner, 1934 

Frontal row absent or only uppermost bristle present. Eyes 
developed. Labial palpus with its apex reaching or beyond 
apex of fore trochanter. Bristles of second antennal segment 
reaching at most to middle of club in male, but reaching beyond 
club in female. First occipital row lacking, second represented 
by only one bristle. Inner surface of mid- and hind coxae with 
longish thin bristles from base to apex. Apical bristles of sec- 
ond hind tarsal segment not reaching beyond apex of fourth 
segment. 

Male . — One developed antepygidial bristle on each side. 8f 
with spiculose area. 8s somewhat shortened, with apical lobe. 
Finger triangular, provided with stout bristles or a pair of 
spiniforms which are wide apart. Anterior arm of 98 not 
curved but straight. Anal sternite longitudinally divided into 
two halves or lobes, projecting far beyond anal tergite. 

Female . — Two antepygidial bristles as a rule. Spermatheca 
with egg-shaped head and large, irregular, spindle-shaped tail. 
Only one species of this subgenus occurs in China. 
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Key to the eubepeeiee of Ceratopkyllue (CiteUophilue) te$qv.orvm. 

1. Female, apex of 7« slanting or undulating. Ten bristles of second an- 

tennal segment reaching to apex of club or beyond. Spermatheca with 
head as long as tail. 

C. (C.) teaquorum famulus Jordan et Rothschild. 
Female, apex of la more or less truncate and with central excurving. 
About five bristles of second antennal segment reaching to the apex of 
club or beyond. Spermatheca with head slightly shorter than tail 2. 

2. Male, apex of finger more slanting and rounded. 

C. (C.) aungaria Jordan. 
Male, apex of finger neither slanting nor rounded. Female, apex of la 
truncate and slightly excurved at middle. 

C. (C.) mongoUcua Jordan et Rothschild. 


S*. CBBATOPHYLLUS (CITBLLOPBILUS) TE8QITORUM MONGOLICtm Jordan et Rothe- 
ehlM, ISU. Text 8*. 16. 

Frontal tubercle small, pronotal comb composed of twenty 
spines. Labial palpus reaching a little beyond trochanter and 
therefore longer than that of typical tesquorum Wagner. First 
midtarsal segment distinctly shorter than second. Meso- and 
metanota with two rows of bristles. Metepimeron with six 
bristles (two, three, one). 

Male . — 88 with some weak hairs instead of five short, thick 
bristles. Process of clasper much less dilated at apex than in 

tesquorum tesquorum. 
Manubrium of even 
width, rounded at 
apex. Finger trian- 
gular, widest at apex, 
with two widely sep- 
arated spiniforms on 
upper half of poste- 
rior margin. Finger 
as a whole much less widened at apex, apical margin one-fourth 
shorter than in typical tesquorum, proportions of length and 
width of finger 7 : 4 in mongolicus and 7 : 5 in tesquorum. 

Female . — 7s on each side with a row of twelve or thirteen 
bristles and about six small bristles before this row; apex 
like in typical tesquorum, truncate, margin very slightly ex- 
curved centrally. 8t with a cluster of five or six bristles below 
stigma and about fifteen bristles at and near ventral and apical 
margins, apex widely sinuate below rounded upper lobe. 



Fig. 16. Ceratophyllus iCittUophilm) teatiuorum movpo- 
Ucu$, niiile. (After Jordan and Rothacbild. ) 
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th. CERATOPHYLLUS (CITBLLOPRILtlS) TBSQUOKUM SUNCABIS Jordan, IM*. Taxi 
flt, IT- 



Fio, 17. Ceratoiihyllua {CiCeHophUm) tegQmrum ttungaris, mule, v»- 
riationa. (After Jordan.) 


Male . — Allied to C. (C.) tesqwrum mongolicus. Differs in 
that the finger is more rounded posteriorly, with the apical 
margin more slanting than in other known subspecies. 

Female unknown. 


»c. CERATOPBYLLltS (CITRIXOPHILUS) TESQDORUM FAMULUS Jordan ot Roth- 
Khlld, 1911. Text flt. 18. 

Female . — Ten bristles of second antennal segment reaching 
to, or beyond, apex of club. Two apical antennal bristles of 
.second hind tarsal segment extending to apex of third segment 


or beyond. Apical margin of 
7s slanting and slightly undulat- 
ing. Seventh segment with ten 
long bristles in a row and about 
thirty additional bristles, on the 
two sides together. St with two 
rows of bristles beneath stigma 
and about sixteen bristles on 
lower half, apex of 8f rounded- 
truncate with a dorsal sinus, 
above which is a distinctly pro- 
duced upper angle. 9,s- w'ith 
several small bristles. Stylet 
in shape resembling champagne 
bottle, twice as long a.s broad at 
long as tail. 



Fiq. 18. Ctratophyllm (.CiteUophiiiU) te». 
QvQrum famulwf, female. (After Jordan 
and Rothschild.) 

base. Head of spermatheca as 
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Species mcERTii: Sedis 

Under the genus Ceratophyllm there are two other species 
the actual position of which is not yet clear, owing to the in- 
sufficiency of material at present, as remarked by Wagner 
(19S4). Moreover, their original descriptions, based on a single 
female, do not permit of exact determination. For the sake of 
convenience these species may for the present be retained under 
the name Ceratophyllus, although it is improbable that they will 
remain there. 

10. CEBATOPHYLLUS (T) PHiGOPBIS Jordan ot Rotiuchild 1011. Text Be. 18. 

Female . — Front very slanting; frontal tubercle about half- 
way between oral corner and central sensory organ (pale spot) . 
Eyes feebly pigmented except anterior and posterior edges, ap- 
liearing deeply excised at a certain focus. Labial palpus reach- 
ing to apex of forecoxa. Three 
long bristles in front of eye, 
uppermost bristle placed near 
antennal groove. Occiput bear- 
ing one bristle above antennal 
groove and subapical row of five 
bristles. Bristles on second an- 
tennal segment minute. Pro- 
notal comb composed of eighteen 
spines. Meso- and metanota 
bearing each two rows of bris- 
tles. Metepimeron with eight 
bristles (four, three, one) . Sec- 
ond hind tarsal segment bearing 
pia. 18. ctratopkyUM ( j) pkmopti,. u- mj apical biistle reaching beyond 

(After Jordan 'and RotheehUd.) 

apex of fourth segment and 
another bristle beyond apex of third segment. Fifth hind 
tarsal segment with five pairs of lateral plantar bristles. Ab- 
dominal tergites and sternites each bearing two rows of bristles. 
Three antepygidial bristles, lower bristle but little shorter than 
middle bristle. Apex of 7s with a deep sinus strengthened 
proximally by a curved bandlike incrassation. St with three 
bristles below stigma, apical margin rounded. Stylet short, 
bottle-shaped, twice as long as broad at base. Spermatheca dis- 
torted, head appearing round and much shorter than tail. 




n,i 


Liu: The Fleae of China 


81 


CEBAT0PHTLLU8 <?> SPABSILIS Jav4ui «t BotkMldM, I92{. Test •«. S«. 

Female . — Front gradually and strongly slanting, with a row of 
three long bristles in front of eye. Labial palpus reaching to 
middle of fore trochanter. Five bristles of second antennal seg- 
ment reaching far beyond club. Occiput with one long bristle 
above middle of antennal groove and 
a subapical row of five or six bristles. 

Pronotal comb consisting of twenty 
spines. Meso- and metanota with 
two rows of bristles. Six bristles on 
metepimeron (two, three, one) . Fore 
femur with two or three dorsolateral 
bristles. Inner surface of mid- and 
hind coxsB with slender bristles ex- 
tending to base. Longest bristle of 
second hind tarsal segment reaching 
to apex of third segment. Apex of 
78 gradually rounded. St with eight 
to ten bristles above stigma and six 
below stigma, of which three are 
long. Stylet bottle-shaped, with one 
apical bristle and one ventrolateral bristle. Spermatheca with 
elongated head which is twice as long as broad. Bursa copula- 
trix sclerotized. 



Fig. 20. CeratophylluB (?) fporfitit. 
female. (After Jordan and Rotb- 
achiJd.) 


2. Genua DIAMANtJS Jordan, 1938 

Labial palpus reaching beyond apex of fore trochanter. 
Ocular bristle situated lower than upper margin of eye. 
Bristles of second antennal segment in male short. Inner sur- 
face of mid- and hind coxae with longish thin bristles from 
base to apex. Outer surface of fore femur with several small 
lateral bristles. Longest bristle of second hind tarsal segment 
reaching beyond apex of fourth segment. First pair of plantar 
bristles situated laterally as are other pairs. 

Male . — One developed antepygidial bristle, the other two 
rudimentary. 8s quite small. Finger swordlike. Ejaculatory 
duct normal. 

Female . — ^Two antepygidial bristles. Stylet with one apical 
bristle and with dorsal lateral bristle much smaller than ventral 
one. Spermatheca with globular head and slender tail. 
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Key to the epedee of Diamamm, 

1. lnn«r surface of mesouotum near apex with eight to twelve brisUelike 
spines. Male, finger more or less straight. Manubrium slightly di- 
lated at apex. Frontal margin of proximal portion of anterior arm 
of 9s strongly curved. Female, St sinuate at apex. Tail of sperma- 
theca slightly, if not, dilated at apical third. 

D. mandarinus (Jordan et Rothschild). 

Inner surface of mesonotum without bristlelike spines near apex. Male, 
finger strongly curved. Manubrium distinctly dilated at apex. Frontal 
margin of proximal portion of anterior arm of 9s more or less straight. 
Female, St rounded at apex. Tail of spermatheca strongly dilated at 
apical third D. montanue (Baker). 

12. DIAMANU8 MANDARINUS jlJocdui at BoUimUM), 1211. Text St*. 21 and 22. 

Frontal tubercle situated at one-third or one-fourth distance 
from oral comer to antennal groove. Before eye two long 




bristles, ocular bristle accompanied by a smaller bristle. Two 
more bristles located more frontad in male, one near anterior 
margin of antennal groove and another behind maxillary palpus. 
Occiput with one bristle above antennal groove, Pronotal comb 
composed of eighteen to twenty-three spines. Inner surface of 
mesonotum near apex with nine to twelve bristlelike spines. 
Five bristles on metepimeron (two, two, one) . 

Male. — 8f at dorsal margin beyond stigma with a row of four 
bristles, one below stigma, two on side, and two near ventral 
margin. 8s small, distally suddenly narrowed to a point. Clas- 
per broad, upper angle rounded. Distal half of manubrium of 
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even width, slightly dilated at apex. Movable finger peculiarly 
slender, almost of same width throughout and with tip rounded 
off. Anterior arm of 98 very long and narrow; posterior arm 
divided by a deep ventral sinus, longer proximal portion at 
ventral margin with five or six bristles. 

Female . — ^Apex of Ts evenly excurved below small upper apical 
angle. 8t above stigma, with eight to ten small bristles, two 
or three long bristles below stigma, and twelve long and ten to 
twelve shorter bristles on lower half; apex shallowly sinuate. 
Head of spermatheca globular, tail slender, about twice as long 
as head. 

II. DIAMANUS MONTANUS MONTANUB (Bakn). III*. Tnt It*. » uiB >4. 

Closely allied to preceding species. Pronotal comb composed 
of eighteen spines. Inner surface of mesonotum without bristle- 
like spines near apex. 



Male . — Differing from preceding species in that the manu- 
brium is strongly dilated at apex, the movable finger tapers grad- 
ually towards apex and is more or less curved, the proximal por- 
tion of the anterior arm of 98 is different in shape and curvature. 

UTIt 8 
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Female . — ^Apex of 78 broadly rounded 
and with a ventral sinus. rounded 
at apex. Tail of spermatheca strongly 
dilated at apical third. 


3. Genus OROPSYLLA Wagner et loff, 1926 

Eyes well developed. Frontal tuber- 
cle sharp, more or less sunken into 
front. Labial palpus reaching beyond 
apex of fore trochanter (1 to 1.6 joints 
beyond trochanter). Ocular bristle situated lower than upper 
margin of eye. Bristles of second antennal segment not reach- 
ing to middle of club in male, beyond apex in female. Inner 
surface of luid- and hind coxae with longish thin bristles from 
base to apex. Outer surface of fore femur with several small 
lateral bristles. Longest apical bristle of second hind tarsal 
segment sometimes reaching beyond apex of fourth segment. 
First pair of plantar bristles situated laterally as are other pairs, 
Male . — One long and one minute antepygidial bristle. Ss 
slender, without membranous apical lobe. Movable finger clavi- 
form. Process of clasper broad. Ejaculatory duct normal. 

Female . — Three (two to five) antepygidial bristles. Stylet 
with one apical bristle and two to five lateral bristles. Head 
of spermatheca longer than broad, ovate or pyriform ; tail short, 
usually not longer than head. 

Key to the speciee of Oropsylla. 

1. Frontal tubercle prominent. Labial palpus longer, apex of fourth joint 

at least on a level with base of fore trochanter. Pronotum (from 
basal margin to base of pronotal comb) longer than spines of pronotal 
comb. Hale, posterior margin of movable finger semicircular in out- 
line. Female, head of spermatheca smaller.... O. eilantiewi (Wagner). 
Frontal tubercle barely traceable. Labial palpus shorter. Pronotum 
shorter than spines of pronotal comb. Male unknown. Female, head 
of spermatheca larger O, elano Jordan. 

2. Female, no apical bristles on second hind tarsal segment extending be- 

yond apex of third segment. Apical margin of 8t more or less trun- 
cate, slightly incurved twice 0. eUantiewi silantiewi (Wagner). 

Female, two apical bristles of second hind tarsal segment extending 
beyond apex of third segment. Apical margin of 8t also truncate, 
slightly incurved once.... 0. eUatUiewi oraasua (Jordan et Rothschild). 

Ito. OBOP8TIXA 81LAMT1EWI SILAMTIBWI (Wasaw. 1S*S>. T«xt Ss*. » uid M. 

Frontal tubercle marked'. Front of male obliquely vertical. 
Labial palpua reaching to a little beyond middle of fore femur. 



ins.) 
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Antennal groove widely open behind. Central part of eye not 
pigmented. A stout median bristle above middle of hind margin 



Fig. 25. Oropsylla ailantiewi, wale, variations. (A and B, author’s drawinsa ; 

C, after Waim^r.) 

of antennal groove. Head feebly bristled, thorax and abdomen 
heavily bristled. Pronotal comb consisting of eighteen spines. 
None of apical bristles 
of hind tarsal seg- 
ments exceeding apex 
of following segment. 

Oftentimes abdominal 
bristles in female not 
lying in rows and ven- 
tral side of abdomen 
presenting a hairy ap- 
pearance. 

Male . — Clasper 
broad and short, 
process very much 
rounded. Movable 
Anger shaped like a 
part of circle along 
its posterior margin, 
gradually rounded off 
at apex. Manubrium tapering to a pointed apex. Cephalic 
portion of anterior arm of 9.'? rectangular with the exception of 
an extra proximal process. 

Female . — Apex of 7s truncate. Apical margin of 8t more or 
less truncate, being slightly incurved twice. Head of sperma- 
theca shorter than tail, a little less than twice as broad as tail. 



Fig. 26 . OroptyUa wUantimifi tUanHmMt (Au- 

thor’* drawing.) 
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lU. MOPBTU^ BSUAKTOEWI CRABSUB (Joniiii tt ScthwhOB), Ull. T«tt Be. BT. 

Female. — Similar to O. sikmtievn sUantiewi. Labial palpus 
shorter than that of sUantietoi, apex of fourth joint on a level 
witii base of fore trochanter. Pronotal comb of twenty to 
twenty-three spines. Two apical bristles of second hind tarsal 



Fro. 27. Oropiflla §ilantUwi croMm*, fe- 
male. (After Jordan and Both- 
aebild.) 


segment reaching beyond apex of 
third segment. Mesonotum with 
numerous bristlelike spines on 
inner surface. Abdominal ter- 
gites bearing three rows of 
bristles, anterior row more or 
less irregular, second row reach- 
ing down to stigma, last row 
with two or three bristles below 
stigma. Apex of Bt obliquely 
truncate and slightly incurved. 
8f bearing two long bristles be- 
low stigma, numerous bristles on 
lower half and three or more 
strong short bristles on inner sur- 
face. Stylet with three lateral 
bristles, two dorsal and one 


ventral. Sperraatheca with a rounded head which is shorter 


than tail. 


II. OBOPSTLLA BLANA Jonba. l»2f. T«t Be. 2». 

Female . — Allied to O. sUantiewi eraeeus. Frontal tubercle 
barely traceable. Labial palpus shorter than that of eraeaus. 



Fm. n. fefludft. (Aft«r 

Joxdan.) 


Apex of genal process evenly 
rounded, dorsally not more project- 
ing than ventrally, a little shorter 
than in crassus. Pronotum shorter 
than spines of comb; comb com- 
posed of twenty-three to twenty-six 
spines. 7s more or less truncate at 
apex, upper angle distinct, somo- 
times a little more rounded than in 
ilgure, apex slightly variable, some- 
times a little convex below middle, 
sometimes nearly straight or very 
slightly incurved. Bt bearing two 
to six bristles below stigma and 
many others on widened portion. 
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Head of apennatheca larger than in 0. siUmbieun erassus, 80 ine> 
what variable in shape. 

4. GenuB AMPHALIUS Jordan, 19SS 

Eyes well developed. Frontal tubercle sharp, more or less 
sunken into front. Labial palpus reaching about apex of fore 
trochanter. Ocular bristle situated lower than upper margin of 
eye. Bristles of second antennal) segment reaching to three- 
fourths length of club in male and beyond apex in female. 
Pronotal comb consisting of more than twenty-four spines. 
Inner surface of mid- and hind coxse with longish thin bristles 
from base to apex. Outer surface of fore femur with several 
small lateral bristles. Longest apical bristle of second hind 
tarsal segment not reaching beyond apex of fourth segment. 
First pair of plantar bristles somewhat shifted inward. It 
slightly projecting medianly in between two sets of antepygidial 
bristles. 

Male . — One long antepygidial bristle. very large, pro- 
vided with dorsal spiculose area on inner side. 8s narrow, 
fringed on upper side with a large membranous fringed apical 
flap. Clasper with slender process. Movable finger with a long 
ventral process dilated at apex. Ejaculatory duct deeply coiled 
twice, apex directed frontad. 

Female . — Three antepygidial bristles. Anal stemite with 
cylindrical stylet, the apex of which is rounded off and bears 
numerous bristles. Anal stemite angulate beneath, with bristles 
in apical half only. Spermatheca long, without distinct division 
between head and tail. Bursa copulatrix very long and broad. 

Key to the species of Amphalim, 

1. Male» process of clasper distinctly dilated at apex. FinjCfer slender, sub- 
apical long bristle of ordinary type. Female, upper lobe of Is broad. 

A. olarus (Jordan et Rothschild). 

Male, process of clasper very slightly dilated at apex. Finger broader, 
Bubapical bristle of a peculiar type, flattened like a blade. Female, 
upper lobe of Is narrow A. 'ninatus (Jordan et Rothschild), 
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U. AMPBALIUS BtmATDS Uombm at RothidilM. m«). T«xt Ac- M- 

Closely allied to A. 
elarue. 

Male . — Process of 
clasper much slender, 
apex only slightly di- 
lated. Finger much 
wider, subapical bristle 
broadened, flattened, 
bladelike, terminating 
in a long thin point. 
This single character is 
sufficient to distinguish 
this species from other 
members of the genus. 
Female. — Almost 
(After Jordan and identical with A. clavus. 

Two lobes of Is vary- 
ing to some extent, upper lobe narrower. Spermatheca 
V-shaped. Bursa copulatrix long, slightly broader than head. 



Ficl £9. AmphaliuB runatus, male. 

Koihtchild.) 


17. AHPHALIUS CLARUS (Jordan ot Rothgchild, 1922). Text figa. 30 and 31. 

Front with two rows of bristles (six, three) . A long bristle 
accompanied by a small upper bristle above middle of posterior 
margin of antennal groove. Pronotal comb consisting of twenty- 
nine or thirty spines. Meso- and metanota with two rows of 
bristles and a few additional dorsal bristles. Three antepygidial 
bristles in female and a long bristle on a slightly projecting cone 
in male. First midtarsal segment with numerous long and slen- 
der bristles, longest bristle reaching to apex of third segment, 
three apical bristles of second hind tarsal segment reaching to 
base of fourth segment. First pair of plantar bristles of fifth 
segment of all tarsi distinctly shifted on to under surface. 

Male. — 8f bearing more than thirty bristles. 8s bearing dis- 
tally a membranous fringed flap, the surface of which is clothed 
with numerous filaments. Manubrium of clasper of even width 
from near base to apex, which is rounded. Process of clasper 
long, apically rounded-dilated. Movable finger gradually nar- 
rowing upwards with apex bent fronted, widening out ven- 
trally into a conical process- armed with a short, stout, pointed, 
apical spine; this process again bearing a long appendage ex- 
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tending in an oblique anteroposterior direction, widened at apex. 
Anterior arm of 9s slender, apex acuminate, pointed upwards; 
posterior arm narrow, terminated by a ventral sinus. Flap 
beginning at this sinus very broad, bearing an obtuse, curved 
gourdlike bristle at anterior margin close to base. 


Female . — ^Apex of 
7s bisinuate, two si- 
nuses separated by a 
short triangular lobe, 
lobe above upper sinus 
large and obtuse. St 
with ten or eleven 
bristles above stigma 
and six long bristles 
below it; ventral por- 
tion of St widened out, 
bearing about forty 
bristles. A process 
(lOf) present, project- 
ing between two sty- 
lets, bearing long 
bristles at apex. 
Stylet twice as long 
as wide, with more 
than a dozen apical 
bristles. Bursa copu- 
latrix long and broad, 
about twice as broad 
as spermatheca. 
Spermatheca U-shap- 
ed, without distinct 
division between head 



and tail. 


Fin. 80 . AmphaHu9 claruM, nmlc. (After Jordan and 
Rothaohild*) 


5. Genus PARACERAS Wagner, 1916 


Labial palpus reaching to or considerably beyond apex of fore 
trochanter (often with one joint beyond apex of trochanter). 
Frontal row represented by upper bristle. Ocular bristle 
situated lower than upper margin of eye. Bristles of second 
antennal segment reaching beyond apex of club in male and to 
middle in female. Pronotal comb present. Longest apical 
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bristle of second hind tarsal sefirment sometimes reaching be* 
yond apex of fourth segment in male. First pair of plantar 
bristles situated laterally, like other parts. Outer surface of 

fore femur usually without 
small lateral bristles. Inner 
surface of mid- and hind 
coxs with a few longish thin 
bristles which may be situat- 
ed on basal half. 

Male . — Three spinelike 
antepygidial bristles, outer 
bristles much shorter. 8t 
strongly produced upwards 
into a lobe behind stigma, 
with dorsal spiculose area on 
inner side. 8s with compli- 
cated membranous apical flap 
bearing long fringes on ven- 
tral side. Dorsoposterior 
angle of finger produced into 
Flo. SI. AmpMiw* feuutie. <Aft«r jor- a lobe. Anal stemite not 

load Rothscbild. ) . » 

split, much longer than tergite. 
Female. — ^Three antepygidial bristles. Stylet with one lateral 
bristle besides apical bristle. Head of spermatheca only slightly 
broader than tail. Apex of tail not sclerotized. 

Key to the species of Paraceras. 

1. Female, eye ball-shaped. Apex of 7« slanting or undulating. Male, 
process of clasper about one-third shorter than anterior margin of 
finger. Apex of finger more or less truncate. Distal apex of 9s nar- 
rowing almost to a point. P. erispus (Jordan et Rothschild). 

Female eye-shaped. Apex of 7s with a distinct ventral triangular lobe. 
Male unknown P. sinensis (Liu). 

18. PAKACBIUS CRISPUS (JorSan at Rotluchnii. 1(11). Taxt Ssa. M and 81. 

Fourth joint of labial palpus on a level with base of fore 
trochanter, fifth joint twice length of fourth. Pronotal comb 
composed of eighteen to twenty spines. Posterior margin of 
hind coxa of male incurved from one-fouith of margin to center. 
Hind tarsi with long and wavy bristles in male. Dorsal apical 
bristles of second and third hind tarsal segments of male fanlike 
radiate, longest bristle about equalling third, fourth, and fifth 
segmrats together. 



Liu: The Fleas of Chim 


41 


W.1 

Male . — ^Abdominal tergites except first tergite each with two 
rows of bristles. with about twenty bristles in upper half 
of apical lobe, none in lower half. 8s narrow, curved, ventrally 
bearing two bristles; distal portion membranous, divided into 
a large fringe ventral flap and several long dorsal filaments. 
Clasper small, process slightly club-shaped, located much below 
apex of finger. Finger large, somewhat pentagonal, anterior 
margin distinctly incurved, ventral portion conical, apex more 
or less truncate; membranous lobe or appendage rounded at 
apex. Dorsal center of finger provided with a row of short 
spinelike bristles. Anterior arm of ds broad, curved ; posterior 
arm relatively narrow and pointed at apex. 




FIO. »2. paracera, eriepvs, mate. (After Jor- jj paracras ertepite, f«»*l«. (After 

dan and Rothachlld.) Jordan and Rothichild. ) 

Female . — Apex of 7s slanting, more or less undulating; ven- 
tral angle projecting out. 8f with four to seven bristles above 
stigma and below it one long bristle accompanied by one to 
four small bristles and twelve long bristles on lower half ; apical 
margin angulate below middle. Spermatheca slender, with head 
shorter but slightly broader than tail. 

It. PA8ACBRA8 SINENSIS (Liu. IMS). Tait Sg. $4. 

This species was described under the genus Oropsylla. Later 
the eye dimen8ion.s, the length of the bristles of the second 
antennal segment, and other characters seemed to identify it 
as a member of Paraceras rather than of Oropsylla. Unfor- 
tunately the male is unknown. 
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Female . — ^Frontal tubercle prominent Fourth joint of labial 
palpus reaching to middle of fore trochanter. One frontal 
bristle in front of anterior margin of antennal groove. Oc- 
ciput with one small 
and one large bristle 
above middle of pos- 
terior margin com- 
posed of antennal 
groove. P r o n 0 1 a 1 
comb composed of 
twenty-two spines. 
First seven abdominal 
tergites each with 
three rows of bristles. 
Apex of 7s with a 

FiO. S4. Paracerraa $in4n9is, fema]«. (Author’s drawinff.) . , j. i i t. 

conical ventral lobe. 
Bt with one strong bristle below stigma, about twenty-five 
bristles on lower half, and seven small bristles above stigma; 
apex, like that of P. erispiis, angulate below middle. Head of 
spermatheca nearly as long as tail and less than twice as wide 
as tail, in one specimen head and tail nearly equal in length and 
width. A very large species, about 6 millimeters long. 

6. Genus NEOCEBATOPHYLLUS noTum 

Frontal tubercle prominent. Eyes well developed. Labial 
palpus reaching to base of fore trochanter. Ocular bristle 
located lower than upper margin of eye. Frontal row absent 
or rudimentary ; only a few long setae before anterior margin of 
antennal groove. First occipital row consisting of one bristle 
and second row of two bristles. Bristles of second antennal 
segment reaching beyond middle of club in male, but very short 
in female. Pronotal comb present. Outer surface of fore 
femur with few (one to four) small lateral bristles. Inner sur- 
face of mid- and hind cox« without longish thin bristle. None 
of apical bristles of any tarsal segment reaching beyond apex 
of following segment. First pair of plantar bristles situated 
as laterally as other pairs. 

Male . — One antepygidial bristle and two minute bristles. A 
short median process situated between two sets of antepygidial 
bristles. Inner side of Bt with spiculose area below dorsal 
margin. 8s broken up into whiplike lacinise. Process of 
daaper hooked at apex. Finger long, with a ventral proceos 
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bearing three spiniform bristles. Coiling of ejaculatory duct 
incomplete (not more than one half) . Anal sternite longer than 
tergite. 

Female . — ^Three antepygidial bristles. Between two sets of 
antepygidial bristles a longer median process below which there 
is a distinct sinus. Stylet with one apical and one lateral 
(ventral) bristle. Head of spermatheca barrel-shaped, longer 
and broader than tail. Bursa copulatrix normal. Genotype: 
N. trispinosus sp. nov. 

This new genus belongs to Jordan's group A (1982) or lofFs 
subtribe Tarsopsyllini. It differs from the allied genera in that 
the first pair of plantar bristles of all tarsi is not situated 
in between the second pair. Regarding the genitalia it is in 
some respects allied to Aceratophyllus Ewing. 

10. NEOCERATOPHTLLUS TRISPINOSUS w. dot. Text fls*. 15 and SO. 

Head . — Frontal tubercle marked. Ocular row composed of 
three strong bristles. Obliquely above eye four smaller bristles 
in male and one in female, situated along anterior margin 



of antennal groove. Small set® present between bristles of 
ocular row and along anterior (middle part) and posterior 
margins of antennal groove. Occiput with first row represented 
by one bristle, second row by two bristles, of which lower is 
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rather stout, an apieal row of five bristles on each side. Genal 
process acute. The proportional lenerths of the four joints of 
the maxillary palpus are 27, 30, 24, and 86 in male and 28, 26, 
22, and 80 in female. 

Thorax , — ^Pronotum with a submedian row of five or six 
bristles on each side, with small sets between them. Distance 
between bristles becoming gradually wider from dorsal side 
downwards. Pronotal comb consisting of eight spines on each 



Fig. 86. N€oe«raU>phyUu 9 tritpinomu ap. nov., female. (Autlvor'a drawing.) 


side, lowest two spines distinctly smaller. Mesonotum with 
three rows of bristles: two, six or seven, five (apical row) on 
each side. Mesepisternum with two bristles in male and three 
in female. Mesepimeron with a row of three strong bristles. 
Metanotum with three rows of bristles: one, six to eight, five 
(apical row). Metepistemum with three or four bristles, me- 
tasternum with one to three very stout bristles, and metepi- 
meron with three rows of strong bristles (two, two, one). 
Metanotum with a sclerotized tooth behind apical row, near 
dorsal margin. 
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Legs. — Fore femur with one to four lateral bristles (three 
in holotype and two in allotype) and, in addition, about seven- 
teen small bristles in male and eleven in female, forming a 
dorsal and subdorsal row and a lower apical bristle. Hind 
tibia Avith eight pairs of spines along dorsal margin, second, 
fifth, and eighth pairs very stout. None of apical bristles of 
any tarsal segment reaching beyond apex of following segment. 

Proportional lengths of different tarsi of all legs as follows: 




lit. 


2d. 


8d. 

4tli. 

Sth. 



Maki. Female. 

Male. Female. 

Male. 

, Female. 

Male. Female. Male. Fenude. 

Fore tarsi 

21 

17 

30 

19 

21 

17 

17 

13 88 

36 

Midtarsi 

43 

37 

40 

35 

28 

25 

19 

15 38 

35 

Hind tarsi 

97 

80 

68 

65 

46 

36 

24 

20 44 

42 


Abdomen . — ^All tergites each with two rows of bristles, first 
row consisting of small bristles, apical row of strong bristles 
alternating with small setae. Bristles of each row on each side 
of abdominal tergites as follows: first tergite 5, 5, with two 
apical teeth in male, and 3, 4, with one apical tooth in female; 
second tergite 6, 7 in male, and 6, 6 in female, with three apical 
teeth in both sexes and with lowest bristle of second row 
situated just below stigma; third tergite 6, 7 with two apical 
teeth in male, and 6, 6 with one apical tooth in female, in both 
sexes lowest bristle of second row situated below stigma ; fourth 
tergite 6, 7, with two apical teeth in male, and 6, 6, with one apical 
tooth in female ; fifth tergite 6, 7, with one apical tooth in male, 
and B, 6, without apical tooth in female; sixth tergite 6, 7 in male 
and 4, 6 in female, in both sexes without apical tooth; seventh 
tergite 4, 7 in male, and 3, 5 in female, in both sexes without 
apical tooth. First two basal sternites without bristles, bristles 
of other sternites as follows: third sternite 2 in both sexes; 
fourth sternite 2 in both sexes; fifth sternite 2 in both sexes; 
sixth sternite 2 in male and 3 in female; seventh sternite 3 in 
male and 5 in female. 

Modified segments . — Apex ot It with a short process project- 
ing backwards between two sets of antepygidial bristles. Ona 
long antepygidial bristle and two very minute bristles. St with 
a band of spiculose area below dorsal margin on inner side, 
seven bristles along dorsal margin, about nine bristles on sub- 
dorsal part above stigma, and nine more bristles on central or 
lower portion below stigma: apex rounded in outline. Ss rather 
broad, at distal apex with two ventral bristles, a fringed mem- 
branous lobe, and some filaments. Process of dasper long, 
dilated (hooked) at apex which bears two bristles. Two ace- 
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tabular bristles present. Manubrium of clasper tapering to- 
ward end. Movable finger slender, with apex slightly dilated 
and at lower ventral proce.ss with two stout spiniform bristles, 
slightly above them another spiniform bristle. The name of 
the species is derived from these three spinelike bristles. 9s 
with anterior arm tapering proximally; posterior arm terminat- 
ing at a rounded membranous apex. Anal tergite slightly con- 
cave dorsally, at apex bearing a number of bristles. Anal 
sternite triangular, posterior angle much prolonged, with about 
twelve bristles on dorsal margin and a number of short bristles 
at apex. 

Female . — Three antepygidial bristles. Process between two 
sets of antepygidial bristles longer than that of male, with a 
distinct excision below process. Apex of 7s with an upper 
shallow incurving and a more or less truncate lower lobe. 
8t with three small bristles above stigma and one large bristle 
below stigma or pygidium. Apex of 8t with a deep sinus, lower 
lobe wider, with five spiniform bristles along apical margin 
and four more spiniform bristles and three bristles near apex. 
8a narrow. Stylet with one apical bristle and with one lateral 
bristle on ventral margin. 10s distinctly angulate along ventral 
margin, along ventral apical margin with six strong bristles. 
Head of spermatheca barrel-shaped, concave above and concave 
below, much longer and wider than tail. 

Length, male, 2.5 millimeters; female, 2.7. 

Holotype, male, and allotype, female, and fifteen paratypes: 
Two males and thirteen females, all taken by myself off a 
squirrel, Sciurus sp., at Tien Mo Shan, Chekiang, August 17, 
1936. In the author’s collection. 

7. Genus ACERATOPHYLLVS Ewing. 1929 

Frontal tubercle marked and placed farther up. Frontal row 
wanting or rudimentary, few setae in front of anterior margin 
of antennal groove. Labial palpus reaching to apex of fore 
coxa or trochanter. Occiput usually with three bristles (two 
incomplete rows) besides apical row. Bristles of second an- 
tennal segment of female reaching almost to or a little beyond 
club. Fifth segment of all tarsi with basal pair of plantar 
bristles shifted ventrad, situated in between second pair. 

Male . — One long antepygidial bristle and two small stiff hairs. 
8s broken up into whiplike lacinise. Clasper with long process 
hooked at apex. Two strong acetabular bristles located not 
higher than hinge of movable finger. Finger boot-shaped, with 
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one bladelike bristle near distal apex and a group of two to 
four very stout bristles at heel (lower ventral process). 9t 
extending farther frontad, sometimes beyond distal apex of 
manubrium. Manubrium dorsally not far from base, with a 
rounded hump. Apex of 9.s with a knifelike bristle. 

Female. — Three antepygidial bristles. Head of spermatheca 
barrel-shaped or somewhat globular. 

When Ewing established this genus in 1929, he took as the 
genotype A. javanicus Ewing which, unfortunately, was re- 
garded by Jordan as a species of Paraceras. 1 am of the 
opinion that A. fimbriatus (Jordan et Rothschild, 1921), should 
be designated as the genotype, and am inclined to include three 
other species into this genus : A. lupatus (Jordan et Rothschild, 
1921), A. euteles (Jordan et Rothschild, 1911), and A. phillipsi 
(Jordan, 1925). In order to meet the present situation the de- 
scription of the genus has been greatly modified. This genus 
is closely related to Maerostylophora Ewing, 1929, which was 
erected for C. hastatiis Jordan et Rothschild, 1921. It can be 
distinguished from the above genus by the absence of the 
median process between the antepygidial bristles and the pres- 
ence of a bladelike bristle near the apex of the ninth sternite. 

11. ACERATOPHTI.LITS EUTELES (Jordan ot RottiKhlld. ItU). Text Sn. <7 and IS. 

Frontal tubercle 
marked, nearer to cen- 
tral sensory organ than 
to oral angle. Frontal 
row composed of one to 
three small bristles. 

Labial palpus reaching 
to apex of fore coxa. 

Pronotal comb consist- 
ing of eighteen spines. 

Meso- and metanota 
each with two rows of 
bristles and a few addi- 
tional dorsal bristles 
forming a third row. 

Longest apical bristle of 
second hind tarsal seg- 
ment one-third shorter 
than third s<^rinent. 
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Male . — ^Process of dasper dilated at apex with a sharp lower 


angle. Finger peculiar in shape 



Fio. 88. Ae^ratophyllut tutaiM, (AfUr 

Jordan and Rothsohild*) 


(text fig. 87) ; dorsal apex 
truncate, ventral apex con- 
cave; stout spiniform bris- 
tles present, long and wavy. 

Female . — Apical margin 
of 78 either slightly in- 
curved or slanting. 8t 
with one long and two short 
bristles below stigma, seven 
to ten bristles in ventral 
half; apex gently incurved, 
upper angle rounded. Head 
cylindrical, longer than tail. 


8. Genoa PARADOXOPSTLLUS Miyajima et Koidanmi, 1909 

The original description of the genus was apparently lost and 
unknown to the world until 1934. It was written in Japanese 
and published in the Journal of Bacteriology. When Miyajima 
and Koidsumi first established the genus they gave the following 
generic characters; (a) incomplete pigmentation of eye, (b) one 
acetabular bristle (with exceptions at present), (c) presence of 
pronotal comb, and (d) five pairs of plantar bristles. At present 
other characters are shown to be of generic importance : frontal 
tubercle frequently wanting; labial palpus not reaching beyond 
fore trochanter; ocular bristle situated above eye on margin of 
antennal groove; bristles on second antennal segment not long 
in male; prefrontal row of bristles wanting; only a vestigial 
occiptal row of bristles; first hind tarsal segment shorter than 
second, third, and fourth segments combined; first pair of 
plantar bristles of fifth hind tarsal segment situated laterally, 
like others. 

Male . — One or both outer two of the three antepygidial bristles 
minute or wanting. 8s large and wide. 

Fsmole.— Spermatheca with a globose head and a saclike tail. 

Key to the epeoiee of Paradoxopeyllm. 

1. Lonir^t apica] bristle of second hiini tarsal segment reaching to middle 
of fifth segment or projecting beyond fifth segment. Male, one ace- 
tabular bristle. Finger widest at middle, tapering towards apex. 81 
with a lateral patch of sixteen to eighteen strong bristles. Female, 
apex of 7s with a slightly excurved lobe 2. 

Longest apical bristle of second hind tarsal segment reaching to apex of 
third segment or a little beyond third segment. Male, two acetabular 
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bri«tlet. Finger of even width. 8^ without lateral patch of lo&g 
bristles. Female, apex of 7t with a distinct small sinus. 

P. cuetodis Jordan. 

S. Frontal tubercle marked. No hairs above antennal groove. Middle ter- 
gites each with a posterior row of five or six bristles on each side. 

P, euTvxBpinuB Miyajima et KoidsumL 
Frontal tubercle feebly developed. Some hairs above antennal groove 
and some in form of shortened bristles. Middle tergites each with a 
posterior row of seven bristles P. conveniens Wagner. 

SI. PABADOXOPSYLLU8 CURV1SP1NU8 BUyaJinitt M Koldsafal. 1»0». T«zt fiss. tt 
mn4 40. 



Fia. 80. Paradoxovayllua curvv»pinuti, male, variations. (A, After Miyajima and Koidaumi; 

B, after Rothschild. ) 

Front vertical from tubercle downward. 

Eye round, very feebly pigmented. Fron- 
tal row of three or four bristles. Bristles 
of second antennal segment minute in both 
sexes. Labial palpus extending to fore 
trochanter. Occiput with one stout bris- 
tle behind middle of antennal groove. 

Pronotal comb composed of eighteen 
pointed spines. Longest apical bristle of 
second hind tarsal segment (one in fe- 
male and three in male) extending to 
middle of fifth segment or beyond; third 
segment of male about twice as long as 
fourth segment. Middle abdominal ter- 
gites bearing each a posterior row of five 
or six (mostly six) large bristles. 

Male . — Two antepygidial bristles, upper 
bristle about one-half as long as middle 



Fig. 40. Pantdoxopn/UuM Mir* 
vixpinu9, female. (Altar 
Rothschild. ) 
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bristle. 8s rather large, not very much smaller than tergite, 
produced ventrally into a pointed lobe bearing one to four 
bristles, besides a dozen smaller bristles. Manubrium of clasper 
terminating in a slender point. Dorsal posterior portion of 
clasper forming a broad process. Finger thumblike, widest at 
middle, strongly rounded along posterior margin. One long 
acetabular bristle. 9s exceedingly slender, posterior arm bear- 
ing two long bristles near middle. 

Female . — Three antepygidial bristles, lowest bristle shortest. 
Apex of 8s more or less truncate in outline, except two slight 
incurvings. Apical margin of 8t rounded and slightly undulate, 
with lower angle projecting. Stylet about twice as long as 
basally broad. Spermatheca with globular head and broad tail. 

tt. PABAOOXOPSTLLTJB CU8TODIS Jordan. IMl. Tazt Aga. 41 and 42. 

Closely allied to P. curvispinus Miyajima et Koidsumi. Fron- 
tal row composed of six (in male and two in female) bristles. 



Occiput with three bristles behind middle of antennal groove. 
Hind tibia with nine dorsal notches, third, sixth, and seventh of 
which bear one bristle each; longest dorsal apical bristle of hind 
tibia not extending to apex of first hind tarsal segment ; longest 
bristle of first segment extending to subapical notch of second 
segment, longest apical bristles of second segment reaching to 
apex of third segment or a little beyond. Middle abdominal 
tergites bearing each a posterior row of five or six bristles. 

Male. — Bt with three or four small bristles above stigma and 
two very long bristles below, without a lateral patch of long 
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bristles. Clasper more than twice as long as broad at narrow- 
est point, rounded ventroposteriorly and enlarged into a broad 

process. Manubrium slender. An- 
gle between inner frontal portion of 
9t and manubrium very obtuse. Two 
acetabular bristles, long upper bristle 
shifted well above acetabulum, lower 
bristle much smaller. Finger of 
even width, strongly curved at base, 
apex obliquely truncate on anterior 
side. Frontal margin of proximal 
apex of anterior arm of 9» concave; 
apical lobe of posterior arm round at 
apex, irregularly long-ovate. 

Female. — 7.'? with a small sinus 
below middle of apical margin. 8< 
with two or three bristles above 
stigma, one long and one small bristle below stigma, eight or 
nine on lower area and two or three inside, of which one is mar- 
ginal, Spermatheca with a subglobular head and a long tail. 
Duct of bursa copulatrix strongly curved in middle, bursa rather 
large. 

14 . PARADOXOPSYLLUS CONVENIENS Wxner. 192». 

Female . — Frontal tubercle feebly developed. On upper mar- 
gin of antennal groove six or seven hairs, hind one or two of 
which are in the form of shortened bristles. Longest dorsal 
apical bristle of hind tibia extending beyond apex of first hind 
tarsal segment ; longest bristle of first segment extending beyond 
apex of second segment; two apical bristles of second segment 
extending to middle of fifth segment or beyond. Middle ab- 
dominal tergites bearing each a posterior row of seven large 
bristles. Apical margin of 7s bearing a small evagination. 8t 
bearing below stigma two or three stout bristles, one to three 
smaller bristles, and, apart from marginal bristles, nine to 
eleven lateral bristles, 

9. Genus OPHTHALMOPSYLLA Wagner et loff, 1926 

Frontal tubercle small. Labial palpus not reaching beyond 
fore trochanter. Ocular bristle situated above upper margin of 
eye. Prefrontal row wanting. Eye very peculiar in that it 
consists of a larger, upper, lightly pigmented portion and a 



Fxo. 42. ParadonaoVvUua cuatodts, 
female. (After Jordan.) 
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smaller, lower, deeply pigmented portion which appears as an 
appendage or a second eye to upper eye. This second eye 
smaller in male. Upper eye often provided with a sinus which 
is more pronounced in male. Bristles of second antennal seg- 
ment in female not long. Antepygidial bristles three in both 
sexes, spinelike in male. 

Male. — Posterior margin of clasper with an acetabular pro- 
jection on which is a very stout bristle. 8« feebly developed. 

Female. — ^Head of spermatheca pyriform, narrowing toward 
distal end. 

Key to the species of Ophthalmopsylla. 

1. Frontal tubercle normal in shape and position. First hind tarsal seg- 

ment shorter than second to fourth segments together 2. 

Frontal tubercle rounded and close above oral corner. First hind tarsal 
segment equalling second to fourth segments together. Finger with 
blunt spiniform 0. jettmari Jordan. 

2. Longest apical bristle of second hind tarsal segment extending to apex 

of fourth. Male, apical half of finger nearly square, with two normal 
spiniforms at posterior angle. Acetabular projection not very narrow. 
Female, apex of Is with a broad, shallow upper sinus. 

O. kukuschkini loff. 

Longest apical bristle of second hind tarsal segment extending beyond 
apex of fourth. Male, apical half of finger nearly ax-shsped, with a 
twisted spiniform at posterior angle. Acetabular projection narrow. 
Female, apex of 7« with a deep lower sinus 3. 

3. Pronotal comb consisting of eighteen to twenty spines. Metepimeron 

with seven or eight bristles. Male, finger resembling an inverted bell, 
with twisted spiniform. Female, apex of 7s with a semicircular sinus, 

upper lobe rounded, lower lobe pointed O. prtefectus pemix Jordan. 

Pronotal comb composed of twenty-four or twenty- five spines. Met- 
epimeron with twenty-three bristles arranged in five vertical rows. 
Male unknown. Female, apex of 78 with an elongate semicircular 
sinus, upper lobe sharply pointed, lower lobe more or less truncate. 

O. kiritschenkoi Wagner. 

25. OPHTHALMOiPSYLLA PEi«:FfiCTUS PKRNIX Jordan. 1929. Taxt ftga. 43 and 44. 

Front with a row of five small bristles above an ocular row 
of three strong bristles. Labial palpus reaching to fore tro- 
chanter but not beyond it, a little longer than maxillary palpus. 
Eye with black-pigmented inside deeply sinuated. Bristles of 
second antennal segpnent short in both sexes. Pronotal comb 
composed of eighteen to twenty spines. Metepimeron with 
seven or eight bristles. Second hind tarsal segment in male 
with two, in female with three, long apical bristles reaching 
beyond apex of fourth segment. Proximal pair of plantar 
bristles of all tarsi entirely lateral. 



Liu: The Fleas of China 


53 


70 , 1 

Male . — Clasper with dorsal portion produced into a slender 
process; lower angle also produced into a short process which 
bears a long acetabular bristle. Finger shaped like an inverted 



Fio. 44 . Op9Uh4Umop- 
9ifUa prmfseiUM p^r- 

FiQ. 43. OphthalfnQpayUa prmfuetua pemioBt female. (Af- 

male. (After Jordan.) ter Jordan.) 

bell, widest at apex; anterior apical angle bearing a short pale 
spine, posterior apical angle bearing a strong twisted pointed 
spiniform below, close to which is a subspiniform. 

Female . — Apex of 7.<t with a rounded, rather deep sinus. 
8f below stigma with two long and three or four short bristles. 
Stylet a little more than twice as long as broad at base. Sper- 
matheca with a pyriform head about as long as tail. 

U. OPHTHALMOPSTLLA KUKU8CHKINI lo*. 1(27. Text fir. 4S. 

Resembles somewh-ii O. 
prssfectus Jordan et Roth- 
schild. Longest apical bris- 
tle (ventral) of second hind 
tarsal segment reaching 
only to apex of fourth seg- 
ment, dorsal bristle just 
exceeding apex of third 
segment. 

Male . — Upper process of 
clasper rounded off at 
apex; lower acetabular 
projection not so narrowed 45. OphthalmopitUa ktamtakUni, male. (Af. 
as in prsefeetus. Finger ^ ’ 
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with distal half more or less square, anterior margin more or 
less straight, hind margin gradually convex, two apical comers 
not acute, spiniforms not twisted. 9s with a row of stout bris- 
tles along centro-ventral margin of posterior arm. 

Female . — Apex of 7s with a broad shallow upper sinus, angle 
above sinus very obtuse and strongly rounded, lobe below sinus 
projecting out considerably, broad, apically emarginate, with 
upper angle strongly rounded. 

IT. OPBTHAUIOPSTLLA JETTMARI JonUn, 192*. Text flaw. 46 xnfl 47. 

Frontal tubercle rounded. Pronotal comb with twenty-four 
or twenty-five spines. Eighteen to twenty-six bristles on met- 



epimeron. Metanotum bearing on each side three or four black- 
ish apical spines. First hind tarsal segment equaling second 
to fourth segments together. Longest dorsal bristle of second 
hind tarsal segment in male reaching to, or beyond, apex of 
fifth segment, and in female reaching not quite to apex of fourth 
segment. 

Male. — Bt with forty bristles below stigma. Upper process 
of clasper stout and truncate at apex; lower acetabular projec- 
tion short, cylindrical, bearing a long bristle. Finger a little 
more than twice as long as broad; anterior apical angle 90°; 
posterior apex widened into a convex lobe, above which is a 
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claviforxn or blunt spiniform. 
Posterior arm of 9s with a double 
row of ten long bristles. 

Female. — Apical margin of 7s 
slanting, with a broad shallow 
oblique sinus below which the 
segment is subtruncate. Sper- 
matheca resembling that of O. 
prsefectus; sclerified portion of 
bursa copulatrix elbowed. 


Fio. 47. Ophthalmopaylla 3 §ttmari, 
(After Jordan.) 


38. OPHTHALMOPSYLLA KIRITSCHENKOl 
Wagner. 1929. Text fig. 48. 

Female . — Frontal row consist- 
ing of three lower bristles. 

Bristles of second antennal seg- 
ment small. First occipital row 
either entirely missing or re- 
placed by a small bristle. Pro- 
notal comb consisting of twenty- 
four or twenty-five spines. Metepimeron with about twenty- 
three bristles arranged in five irregular rows. Outer surface 
of hind tibia provided with twenty-six to 
twenty-nine bristles, of which posterior 
eighteen form two complete rows. Two 
apical bristles of second hind tarsal seg- 
ment reaching beyond apex of fourth seg- 
ment. Apical margin of 7s with a deep 
sinus dividing apex into a long, narrow 
acute upper lobe and a short, blunt, lower 
lobe. 8t bearing about twenty-three sub- 
stigmal bristles which form three rows ; 
before and above stigma are dense small Fio. 48. OphthalmoptyUa 
bristles. Stylet short, conical. 

' (AfUr Wagngr.) 




10. GenuB FRONTOPSYLLA Wagner et loff, 1926 

Frontal tubercle conical. Lower portion of front slightly pro- 
longed or extended behind. Frontal row complete. Prefrontal 
row wanting. Ocular row composed of three or four bristles. 
Ocular bristle situated above eye on margin of antennal groove. 
Sometimes a bristle between frontal and ocular row. Bristles 
of second antennal segment not long in male. Labial palpus 
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not len^ened, not reaching beyond trochanter. Two occipital 
rows of bristles well developed; second row always complete. 
First hind tarsal segment shorter than second, third and fourth 
segments combined. First pair of plantar bristles on fifth tarsi 
situated laterally, like other pairs. Antepygidial bristles three 
in both sexes, one or two of those of male minute or wanting. 

Male. — 8t short, length deeply broken behind. 8s broad. 
Upper acetabular bristle shifted considerably upward. 

Female . — No distinct boundary between head and tail of 
spermatheca. 

Key to the epeeiee of Frantopsylla. 

1* Pronotal comb compofled of twenty-four spines. Female, apex of 7t not 
sinuate — - - F. hetera Warmer. 

Pronotal comb composed of eighteen to twenty spines. Female, apex of 

7s distinctly sinuate — 2. 

2. Ocular row composed of four bristles, one less developed. Middle ab- 
dominal tergites with three more or less developed rows of bristles. 
Male, posterior and apical margins of finger evenly rounded in form 
of a semicircle. Female, apex of 7s with a wide sinus. 

F. toagneri lolf. 

Ocular row composed of three bristles. Middle abdominal tergites with 
two rows of bristles, although few frontal small bristles may be pre- 
sent. Male, posterior margin of finger slightly incurved, apical margin 

more or less truncate. Female, apex of 7s with a narrow sinus 8. 

8. Longest apical bristle of second hind tarsal segment reaching beyond 
third segment in female and beyond fourth segment in male. Male, 
process of clasper long, apex reaching beyond middle or even beyond 
apex of finger. Posteroapical spiniform of finger short, blunt, often 
widest at center. 8s not bearing four spiniform bristles at apex. 4. 

Longest apical bristle of second hind tarsal segment not reaching beyond 
apex of third segment in female. Male, process of clasper very short, 
apex not reaching beyond middle of finger. Posteroapical spiniform 
of finger long, acute, widest at base. 8s bearing four spiniform bristles 

besides other bristles at apex 6. F. spadix Jordan et Rothschild. 

4. Male, process of clasper relatively short, reaching three-fourths length of 
anterior margin of finger. Setose ventral area of 9s with a spiniform 
placed nearer distal bristle. Female, apex of 7s with a sinus which 
is much wider than lower lobe F. elata hotia Jordan. 

Male, process of clasper long, either reaching to nine-tenths length of 
anterior margin of finger or projecting beyond latter. Setose ventral 
area of 9s with a spiniform about midway between proximal and distal 
bristles. Female, apex of 7s with a sinus as wide as lower lobe. 

5. F. luculenta Jordan et Rothschild. 

6. Male, process of clasper located a little below anterior apex of finger. 

F. luculenta luculenta Jordan et Rothschild. 

Male, process of clasper a little above anterior apex of finger. 

F. luculenta parilie Jordan. 
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6. MalOf poflteroapical spiniform of finger shorter. Apex of finger a little 
narrower. Female, apex of ta with a shallow sinus, upper lobe broader 
than lower. F. apadi* apadix Jordan et Rothschild. 

Male, posteroapical spiniform of finger longer. Apex of finger one-sixth 
or one-seventh wider. Female, apex of 7s writh a deeper sinus, upper 
lobe narrower than lower F. apadix oanaa Jordan. 

St. FBONTOPSTLLA KLATA BOTIS Jordan. ttSt. Taxt Sea. 4t and It. 

Allied to F. elata elata (Jordan et Rothschild, 1915), which is 
characterized by the following description: Frontal row com- 
posed of six to eight bristles. Ocular row composed of three 
bristles. Two occipital rows of bristles (four, six) and an 
apical row of six bristles. Pronotal comb consisting of nine- 
teen or twenty spines. Metepimeron with four to six long 
bristles. Longest apical bristle of second hind tarsal segment 



Fio. 49. FrontoptyOa #Iaea hotU, Fia. 60. FrontPp^yUa •lata hoti§, fcmmlo. 

mal«. (After Jordan.) (After Jordan.) 

reaching beyond apex of fourth segment in male, shorter in 
female. Middle abdominal tergites with only two rows of 
bristles, sometimes a few frontal bristles present. 

Male . — with nineteen to twenty-four bristles. Ss large, 
conical in outline, with a number of bristles at apical portion. 
Process of clasper acuminate at apex, slightly shorter than fron- 
tal margin of finger. Finger widest at apex which is more or 
less truncate, with a spiniform at distal apical angle. Proximal 
apex of 98 rectangular ; 9s without an excision beyond setiferous 
area, with one short spiniform at distal end of setose area ; hind 
margin of posterior arm of 98 almost straight. Anal tergite 
bearing two small spiniforms and several apical spines. St 
bearing long bristles, alternating with shorter and thinner 
bristles. Process of clasper shorter, apex located about one- 
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fourth distance below apex of finger. Apical margin of finger 
shorter, posterior margin but slightly incurved. 

Female . — ^Apex of 7s with a sinus dividing it into an upper 
pointed lobe and a broad lower, rounded-trimcate lobe, upper 
lobe as long as lower lobe. Spermatheca truncate, head about 
one-third longer than broad. 7s resembling F. elata elata, except 
that the lower lobe is rather convex. “Below stigma of VIII. t. 
1 long bristle and 1-3 short ones; on the widened lower and 
apical portion 14-19 bristles, there being a wide gap between 
these bristles and those below the stigma.” 

Frontopsylla elata botis differs from the preceding subspecies 
especially in the male. 


*ta. FRONTOPSTLLA LUCULENTA LUCULENTA (Jordan ot BotbKhUd. l»2t). Tazt 
fllTi- 51 and 52. 

Frontal row composed of five to seven bristles, ocular row 
composed of three bristles. Occiput with two rows of bristles 



Flo. 61. FT0ntov9vlla lueuUnta lutsuUnUi, male. 
(After Jonlan and Rotluichild.) 



Fio. 62. FrontopatfUa luculenia Iwml- 
enta. female. (After Jordan and 
RothschUd.) 


(four or five, five or six) besides apical row. Pronotal comb 
composed of twenty spines. Mesonotum with four rows of bris- 
tles, metanotum with three rows of bristles. Metepimeron with 
three rows of bristles (four, five, one or two). Longest apical 
bristles of second hind tarsal segment reaching beyond apex of 
fourth segment in male and third segment in female. 

Male. — 8s even more bristly than F. elata elata, there being 
numerous long submarginal and marginal bristles besides small 
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ones. Process of clasper broader, truncate at apex. Inner 
surface of finger also fringed with hairs. Hind margin of 
posterior arm of 98 much convex, setose posterior area with a 
short spiniform about midway between most proximal and most 
distal spiniform. 

Female . — Apex of 7s with a deep 
sinus dividing it into an upper 
pointed lobe and a broad, lower 
rounded-truncate lobe, upper lobe 
considerably shorter than lower. 

Spermatheca with tail a little shorter 
than that of F. elata data. 

tOb. FRONTOP8YLLA UICULENTA PARILIS 

Jordan* 1929. Text flff. 63. 

Apparently differing from F. luem- 
lenta luculenta only in male. Process 
of clasper longer, reaching a little 
above, or to anterior apical angle of 
movable finger. 

SI. FRONTOPSYLLA WAGNBRl loff, IMT. Text flg*. S4 end 5S. 

Frontal row composed of six to eight bristles. Ocular row 
composed of four bristles, fourth bristle set between the two 
lower bristles and less developed. Occiput 
with two rows of bristles (four to seven, 
six or seven), apex with one row. Pronotal 
comb composed of eighteen to twenty spines. 

Middle abdominal segments with three more 
or less developed rows of bristles, being more 
bristly than F. elata and luculenta. 

Male . — Process of clasper rather short, 
about one-half as long as finger, rounded at 
apex. Finger much longer than process, 
crescent in outline with posterior margin 
strongly rounded ; a spiniform present a little 
beyond middle of posterior margin from 
base. Posterior arm of 9s weakly developed, 
with few small bristles on posterior margin, 
short spiniform lacking. 

Female . — Apex of la with a very wide sinus dividing it into 
an upper pointed lobe and a lower rounded or truncate lobe. 



FlO. 54. Front vita 
ivagnerit mAle. (Aft«r 
lofl.) 
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sinus much wider than lower lobe. Spermatheca similar to 
that in the preceding species. 


FXG. 56. Frontopnila vyagnti^ female* varlatione of seventh ttemite. 

(After toff.) 

as. FRONTOPSYLLA HETERA Warner* l»tS. Teat fla. 65. 

Female . — Occipital rows consisting 
of four to six bristles. Pronotal 
comb composed of twenty-four 
spines. Pronotum as long as spine. 
Two apical bristles of second hind 
tarsal segment reaching to middle of 
fourth segment. Lowest bristle on 
fourth to seventh abdominal tergites 
considerably weaker than rest, 
situated below stigma on fourth to 
rm. It. iaamie. gj^th abdominal tergites, above 

stigma on seventh. Apex of Ts more 
or less rounded-truncate. St with one long bristle below stigma 
and seven long bristles at lower apical portion. Stylet narrower. 

Ma. raONTOPSYLLA SPADIX SPADIX Jordan at RethwhlM. Mtl. Text U. S7. 

Frontal row composed of six bristles, ocular row of three 
bristles. Occiput with two rows of bristles (two, six) and an 
apical row of seven bristles. Pronotal comb composed of twenty 
spines. Meso- and metanota with three rows of bristles. Met- 
epimeron with seven or eight bristles. Longest bristle of second 
hind tarsal segment not reaching beyond apex of third segment. 
Apical margin of first to fourth abdominal segments dorsally 
denticulate. 

Male . — Glenitalia similar to those in F. spadix cansa. Apex 
of 8s with four stout spiniforms. Process of clasper short, 
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reachinsr to a little below 
middle of finger. Manubrium 
broad at baae, abruptly nar- 
row towards apex. Finger 
resembling an inverted bell in 
outline, with a narrow base; 
anterior margin evenly con- 
cave ; apical margin evenly 
convex; a stout spiniform at 
posterior apical angle; both 
anterior and posterior apicai 
angles acute or leas than 90°. 
Proximal apex of anterior 
arm of 9a in the shape of a 
goose head. 

Female . — Apex of 7s with 
a shallow sinus dividing it 
into two broadly rounded 
lobes, upper lobe broad, lower 
lobe rounded. 8t with six to 



Fia. 57. Frontov»yUa wpadim 9padiet, 
fcmide. (Aftvr Jordan and Rotb- 
BchUd.) 


eight small bristles above stigma, one large and two to four 


small bristles below stigma. Spermatheca with elongate head 


and short broad tail. 


Mk. FKONTOP8YLLA SPADIX CAN8A Jordan. I9S2. Taxt flsa. SS and 6». 



Fio. 68. Fttmioptylla spadim cansa, male. (After etemite. (After Jor- 

Jordan.) dan.) 
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Closely related to F. spadix spadix. Male, finger apically 
about one-sixth to one-seventh wider, large apical spiniform 
longer. Female, sinus of 7s deeper; upper lobe longer, often 
pointed at apex, lower lobe much broader than upper. 

11. Genus GEUSIBIA Jordan, 1932 

Frontal tubercle prominent. Ocular row composed of three 
bristles. Labial palpus reaching to near two-thirds length of 
fore coxa in male, five-sixths in female. Tibia and first tarsal 
segment of all legs densely hairy on dorsal margin besides bear- 
ing long bristles. First pair of plantar bristles of fifth tarsal 
segment distinctly bent mediad, Antepygidial bristles, none 
in male and three in female. 7f bearing median process which 
is short in female and long in male, here reaching a little beyond 
middle of pygidium. 

Male . — Both 8t and 8s large, former conical, without a row of 
marginal bristles; 8t dorsolaterally with an elongate horizontal 
sclerite which bears a condylus ; 8s with two rodlike incrassations 
on each side. Process of clasper broad, conical, and as long as 
finger. Apex of anterior arm of 98 broad, truncate-emarginate, 
with upper and frontal angles distincly projecting. 

Female . — Orifice of spermatheca on a prominent cone pro- 
jecting downwards. 


$4. OEUSIBU TOROBA Jordan, 19M. Text ll(o. $0 and <1. 


Frontal row composed of five or six bristles. Occiput with 
three rows of bristles. Pronotal comb composed of twenty to 



Fio. 60. Owuribia taro§a, (After 

Jordmn.) 


Fiu. 61. G€U9ibia toro^a, fcmalt. 
(After Jordan.) 
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twenty-two spines. Mesonotum with one short stout apical 
spine on each side. First abdominal tergite with three rows 
and some additional dorsal bristles, the other tergites with two 
rows. 

Male. — Bt forming an equilateral triangle with apex rounded 
off and bearing fifteen long bristles on side. 8s with a vertical 
proximal margin provided with rodlike incrassations in the form 
of an equilateral triangle ; ventral margin gently rounded ; apical 
margin subtruncate, bearing five spiniforms and a proximal 
patch of fifteen very short, obtuse conical spiniforms. Process 
of clasper broad, conical, as long as finger; lower half of pos- 
terior margin of clasper and finger feebly sclerotized and hairy. 
Apex of anterior arm of 9s broad, truncate-emarginate, with 
upper and frontal angles distinctly projecting; ventral process 
resembling head of a bird and bearing several small hairs and 
one bristle. 

Female. — Is with sinus dividing it into a narrow, pointed 
upper lobe and a broad, rounded lower lobe. On Bt above stigma 
four to seven small bristles, below stigma three large bristles 
(rarely two), on lower surface eleven to fifteen, on inside two 
or three, apex of 8< sinuate. 8s broad. Head of spermatheca 
not sharply divided from tail. 

12. Geniu AMPHIPSYLLA Warner, 1908 

Head with an angle under which it is extended toward the 
posterior side. Eye feebly developed, incompletely pigmented. 
Ocular bristle situated above upper margin of eye. Ocular 
row composed of two, seldom three, bristles. Frontal row com- 
plete. Bristles of second antennal segment short in both 
sexes. First hind tarsal segment shorter than second, third, and 
fourth segments combined. First pair of plantar bristles cn 
fifth hind tarsal segment moved on to ventral surface, almost 
between second pair. Between long middle bristle and long 
apical bristle on hind margin of hind tibia three or four shoi-t, 
approximately equal bristles forming a comb. Three antepy- 
gidial bristles present in both sexes. Male, 8s wide. Clasper 
without acetabular bristles. Finger with spiniforms. 

Key to the species of Amphipsylla, 

1, Male, finger widest near middle, apex tapering towards end, 8a densely 
hairy, hairs on inner side of margin thin and wavy, those on outer 
side longer and thicker A. oasis Jordan et Rothschild. 
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Male, Anger widest at apex which is more or less rounded-truncate. 8e 

less hairy 2. 

2. Male, finger with a spiniform near base at ventroposterior comer. Fe- 
male, apex of 7* truncate. A. tirto Wagner. 

Male, finger without spiniform near base. Female, apex of 7s not trun- 

8. Male, finger with two apical spiniforms close together, none of spiniforms 
abruptly widest at center. 9c widening abruptly at apex. Female, 

apex of 7s distinctly notched A. vinogradovi loff. 

Male, finger with two apical spiniforms far apart along posterior margin, 
upper spiniform abruptly widest at center. Female, apex of 7s either 

rounded or very slightly sinuate. 4. 

4. Male, finger much longer and narrower; five thin marginal bristles, be- 
tween apical and submedian spiniforms. Posterior margin of clasper 
not sinuate. Female, apex of 7s rounded-convex.... A. aapalaoit Jordan. 
Male, finger shorter and wider; eight or nine thin marginal bristles be- 
tween apical and submedian spiniforms. Posterior margin of clasper 
sinuate. Female, apex of 7* slightly concave A. mitU Jordan. 

t(. AMPHIPSTLLA TUTA Wasaw. 1>**. Tact Ss. **. 

Frontal tubercle lacking. First occipital row with one bris- 
tle, second with three bristles. Lower part of front in female 
distinctly slanting downward and rounded off toward apex, that 
in male rounded off from edge of mouth to base of antenna. 

Male. — Ss bearing a pair of 
cylindrical processes, each of 
which has a long apical bristle. 
Clasper somewhat square in 
outline. Manubrium gradually 
tapering toward apex. Finger 
widest at apex, with a basal 
spiniform at ventroposterior comer, about eight bristles along 
upper posterior margin, one curved bristle on upper posterior 
apex, another small spiniform situated a little below apical 
margin. 

Female. — Apex of Ts truncate. 

t(. AMPHIPSTLLA A8PALAC1S Jordan. It2». Text Ufa. 61 and M. 

First occipital row composed of one bristle. Three rows on 
mesonotum with additional dorsal bristles. Two rows on meta- 
notum. Metepimeron with ten to thirteen bristles in male and 
twelve to sixteen in female. 

Male. — Apex of Ss with long bristles. Clasper not square 
in outline. Finger widest at apex, upper anterior angle very 
obtuse; spiniform located on upper posterior angle of finger 
widest at center, another spiniform of ordinary type above 



FiQ. 62 . Amphiptylla tuta, males. (After 
Wagner.) 
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middle of posterior margin; between these two marginal splni- 
forms five thin marginal bristles; below apical margin an 
oblique row of three, of which the first and third are spiniform, 
the middle one being a bristle; a subspiniform bristle on poe* 
terior apex. Distal apex of 9s with a curved thick bristle. 

Female . — ^Apex of 7s rounded-convex. 8t with one long 
bristle below stigma and two to four small bristles on widened 
area twenty-three to twenty-six on outside and three or four on 
inside. Head of spermatheca a little longer than tail, distinctly 
separated from it. 


IT. AKFBIPSTLLA CA8I8 Jordan at BoUuehilA till. Taxi tga. M and H. 



Fio. 66. AmphipwyUa cawia, 
mmlc. (Aft«r Jordan 
and Rothachild. ) 



Fra. 66. Amphip^ytta catUt, feniak. 
(After Jordan and Rothachild.) 


First occipital row composed of one bristle. Metasternum 
with only one long bristle which is occasionally accompanied 
by a minute seta. Metepimeron with seven bristles (two, three, 
two). 

Male. — 8s densely hairy, longest hair longer than 8s. Clasper 
elongate, upper margin distinctly incurved. Manubrium slightly 
dilated before middle along posterior margin. Finger widest at 

UTU ( 
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middle, narrowing to apex and provided with two spiniforms, 
one below apex, the other at middle. Apical third of 9« very 
narrow, top more strongly sclerotized and bearing a short, 
proxiraally thick, terminal bristle on each side. 

Female . — Apex of Ts slightly incurved. Head of spermatheca 
about twice as long as tail. 

•8. AMPBIP8TU.A HITIB Jordmn, 1»«. Trat 17 and •(. 

First occipital row composed of one long bristle. Metepi- 
meron with six or seven bristles (two, three or four, one). 

Male . — Clasper somewhat rectangular in outline, posterior 
margin sinuate. Finger widest at apex; apical margin more 



Fio. 68. AmphiptytUi mi- 
Fia 67. AmpMpgyUa mitU, mule. tit, female. (After 

(After Jordan.) Jordan.) 

or less truncate; upper posteroapical spiniform curved and 
widest at center; median spiniform of hind margin placed low, 
about middle; between these two marginal spiniforms a mar- 
ginal row of eight or nine bristles ; one lateral spiniform situated 
in center of apical portion of finger, above it two bristles of 
which one is subspiniform. 

Female. — Fourth, fifth, and sixth stemites with median verti- 
cal incrassation, strongest in fourth. 7t with posterior margin 
slightly incurved, upper angle strongly rounded, portion below 
antepygidial bristles somewhat dilated. Apex of 7s slightly 
concave. On lower widened area of St eighteen bristles on out- 
side, two of these apical. Head of spermatheca rather strongly 
convex dorsally and concave ventrally, little longer than tail. 
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Ml AHPBmTLU VIKOCBADOVI loff. IMT. Tuct Ssb •• mUI 70. 

First occipital row with one bristle. 

Male. — 8« bearing eight to ten thick bristles at apex. Clasper 
elongate, dorsal margin sinuate. Manubrium tapering towards 
apex. Finger widest at apex which is rounded off, with two 
Bubmarginal spiniforms near posterior apex; posterior margin 
divided into three subequal portions by two rather thick bristles ; 
between these two thick bristles five thin bristles. Apex of 9« 
widening toward end and bearing four bristles. 

Female . — Apex of 7s with a distinct small notch below middle. 



FlO. 60. AmphipwyUa viitogradovi, male. 
(Aft«r loff.) 




PlO. 70. Amphip9vUa vinogradovi, female, va« 
liatkma of •eventhr iteraite. (After loff.) 


Subflamily CTENOPHTHALMIN-^ RothBchild, 191S 

Head with genal comb which is horizontal and composed of 
three nearly equal spines. Eyes rudimentary. Antennal groove 
closed, at least in female. Three antepygidial bristles in both 
sexes. Only one genus of this family known from China. 

18. Genus CTENOPHTHALMUS Kolenati, 1857 

Frontal tubercle present. Eyes feebly developed, almost un- 
pigmented. Genal comb composed of three spines. Labial pal- 
pus 5-jointed, last joint with a sickle-shaped apical bristle. 
Frontal row complete. Ocular row consi.sting of three bristles. 
Antennal groove closed, especially in female. First occipital 
row composed of two separated parts in male, second row rep- 
resented by one bristle. Fifth hind tarsal segment with three 
pairs of lateral plantar bristles and a proximal pair on ventral 
surface in between first lateral pair. Hind coxa without patch 
of spinelets on inner side. Three antepygidial bristles in both 
sexes. Finger with small sensory cones in male. 

Key to the epeciea of Ctenophthalmtia. 

1. Sixth ud aewnth abdominal tergitea with one row of bristles. Process 
of elMper divided by a sinus into a broad, round, anterior portion and 
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a narrow, conicai, posterior portion. Apex of finger not distinctly 
■innate C. y^unnanua Jordan. 

Sixth and seventh abdominal tergites with two rows of bristles 2. 

2. 7a of female more or less incurved twice, sinus shallow, lobes short, 
central lobe situated below middle of apex. Stylet more than three 
times as long as wide at base. Incrassation not well defined. Stigma 
of 8t smaller C. parous Jordan. 

7s of female distinctly incurved twice, sinus deeper, lobes longer, central 
lobe situated at middle of apex. Stylet less than three times as long 
as wide at base. Incrassation well defined, upper portion nearly 
parallel with upper sinus. Stigma of 8t larger.... C. dinormus Jordan. 


if. CTENOPHTHAI.MUS PARCU8 Jordan. 19S2. Toxt Sea. 71 and 72. 

Front strongly rounded, tubercle a little below middle. Labial 
palpus reaching to four-fifths of fore coxa. Pronotal comb of 

eighteen to twenty spines which 
are at least as long as pronotum, 
usually longer. Hind tibia with 
seven dorsal notches. Stigma of 
8t small. 

Male . — Process of clasper short 
and broad, with four or five long 
bristles, apex more or less trun- 
cate, slightly wavy. Manubrium 
short and hooked at apex. Finger 
broadest at apex which is deeply 
sinuate and divided into a rounded 
anterior lobe with four spiniform 



Vlo. 71. Cisnophthalmm parous, iMto. 
(After Jordan.) 



Pmu 7t. Ctsust^Ukaimus parous, female, variations of sevciitlk 
ftamita. (After Jordan.) 
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bristles and a conical posterior lobe. Apex of posterior arm of 
9s about two and one-half times as long as broad, gradually 
rounded from upper angle ventrad, with about fifteen thin 
bristles. 

Female . — Apex of 7s with an upper sinus and a lower sinus, 
both shallow, lobes short, upper lobe broader than lower; mar- 
ginal area incrassate. Stylet elongate-conical, slender, a little 
more than thrice as long as broad. 


41. CTENOFBTBALMUS YUNNANUS Jordui, 
193Z. T«zt <(. 71. 

Closely allied to C. parcus. 
Process of clasper differing in 
having a sinus which divides it 
into a rounded anterior lobe and 
a conical posterior lobe. Finger 
slender, apex slightly incurved. 
Apex of anterior arm subtrun- 
cate, that of posterior arm more 
truncate. 



41. CTENOPHTBAUniS DINORMUB JaMu. Itit. tm* te. T4. 


Female . — Near C. par cue. 
Apex of 7s incurved twice as in 
C. parcus, sinus deeper, lobes 
therefore longer ; internal in- 
crassation with a well-defined 
frontal margin, which above 
middle lobe is parallel with the 
apical margin of 7s and below 
upper lobe forms a narrow, 
gently curved, posteriorly 
pointed ridge. Stigma of St 
larger. Stylet much shorter. 

Subfamily RHADINOPSYL- 
LIN/^E Wagner, 1980 

Head with genal comb, which 
is obliquely vertical, composed 
of four to six spines. Eye 
rudimentary. Antennal groove 



PlQ. 74. CtmiophthalmuM dinormuBf t 
(After Jordan.) 


closed, at least in female. Antepygidial bristles present in 


female, lacking in male. 
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Key to the genera of BhadincpeyUinm. 

1* Ocular bristle present. Dorsal margins of abdominal tergites and ven- 
tral margins of abdominal sternites not sclerotized. It of female with 
two, seldom three, antepygidial bristles, and without a process. 

Reotofrontia Wagner et Argyropulo, 
Ocular bristle absent. Dorsal margins of abdominal tergites and ventral 
margins of abdominal sternites strongly sclerotized. It of female with 
a process bearing two spines between two groups of three antepygidial 
bristles Stenieckia Jordan. 


14. Genus STENISCHIA Jordan, 1932 

Female . — All spines of genal comb on genal margin, none at 
margin of antennal groove. Ocular bristle lacking. Eye ves- 
tigial. Metepisternum fused with metanotum. Both meso- and 
metasterna with ventral projection. Dorsal and ventral mar- 
gins of abdomen strongly sclerotized from base to row of long 
bristles. 7t between two groups of three antepygidial bristles 
with a process bearing two spines. Coxje and femora reduced 
in width. 


4S. STENISCHIA MIRABILIS Jordan, 19S2. Text Hr. Tt. 

Female . — Frontal tubercle prominent. A genal comb of five 
unequal spines, all of which are situated on genal margin and 
none at margin of antennal groove. Eye present as a short 

sulcus below margin of an- 
tennal groove. Pronotum 
with a comb of sixteen spines 
and a row of ten bristles. 
Mesonotum incrassate at an- 
terior and dorsal margins. 

\ Apical spines on metanotum 

\ absent. Fore coxa nearly 

thrice and mid- and hind 
coxae more than twice as long 
as wide at broadest point. 
Femora reduced in width. 
Longest apical bristle of fifth 
hind tarsal segment reaching 
to basal third of fourth. All 
fifth tarsi with four pairs of 
plantar bristles, la trian- 
gular, posterior margin slanting to near ventral angle, which is 
obliquely truncate-emarginate. It with a sharp angle below 



Fig. 76. StemiMohia mirabUuit female. 
(After Jordan.) 
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antepygidial bristles. St without bristles above or below large 
stigma, on ventroapical area a patch of nine bristles, nearly all 
short, on inside three bristles. Stylet nearly cylindrical. Sper- 
matheca of the Rhadinopsylla type, apex of tail concave on 
posterior side, below this groove a swelling. . 

15. Genus RECTOFRONTIA Wagner et Argyropulo, 1934 

Front with or without tubercle. A complete frontal row. 
Genal comb consisting of four to eight spines, five most common. 
Labial palpus, as a rule, 6-jointed, sometimes up to 8-jointed. 
Eye vestigial. Ocular row composed of two bristles. Two 
complete occipital rows besides apical row. Last tarsal seg- 
ments usually with four pairs of lateral plantar bristles. Male 
without antepygidial bristles; female with two, seldom three, 
long bristles on each side. 

Key to the species of Recto frontia. 


1. Labial palpus 6- to 8- join ted 2. 

Labial palpus 5-pointed 8. 


2. Labial palpus 7- or 8-jointed. Genal comb composed of four spines, 
upper spine shorter than next. Longest apical bristle of first hind 
tarsal segment reaching beyond third segment. Ventral portion of Is 
of female not divided by a slit R, jaonis (Jordan). 

Labial palpus 6-jointed. Genal comb composed of six or seven spines, 
upper spine equalling next. Longest apical bristle of first hind tarsal 
segment reaching beyond second segment. Ventral portion of apical 
margin of Is of female divided by a deep narrow slit. 

R, insolita (Jordan). 

8. Genal comb composed of seven or eight spines, dorsal spine shorter than 
ventral. Pronotal comb composed of twenty-six to twenty-eight spines. 
9« of male widest at apex R, dives (Jordan). 

Genal comb usually with five spines, dorsal spine longer than ventral, 
Pronotal comb usually composed of less than twenty-five spines. 9s 
of male not widest at apex 4. 

4 . Posterior arm of 9s of male always broader than anterior arm. Longest 

apical bristle of second hind tarsal segment usually not extending be- 
yond fourth segment 5. 

Posterior arm of 9a of male much narrower than anterior arm. Longest 
apical bristle of second hind tarsal segment extending beyond fourth 
segment R. tenella (Jordan). 

5. Apex of 8a of male incurved or concave 6, 

Apex of 8a of male convex — B, aocola (Wagner). 

6. Fifth tarsi of all legs with four pairs of lateral plantar bristles. Apex 

of 9a of male much rounded B, dahurica (Jordan et Rothschild). 

Fifth tarsi of all legs with five pairs of lateral plantar bristles. Apex 
of 9a of male more pointed B. vMna (Wagner). 
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44. BaCTOniONTU DABDKICA (Jarian at BotliacMM. 1M«). Taut «>. T4. 

Frontal tubercle present. Genal comb composed of five spines, 
ventral spine nearly one-fourth shorter than dorsal, dorsal spine 
one-fifth shorter than subdorsal, which is longest. Pronotal 
comb composed of nineteen to twenty-one spines. Second hind 
tarsal segment with one long apical bristle reaching beyond 
fourth. 

Male. — St without bristles below stigma; 8s with a ventro- 
epical row of seven to nine long bristles. Process of clasper 
conical. Manubrium strongly curved, proximally broad and 
abruptly slender at apex. Finger slender, tapering towards 
apex, reaching apex of clasper or a little beyond, anterior margin 
smooth. Posterior arm of 9s sole-shaped, widest above middle, 
much wider than anterior arm. 

Female . — ^Tail of spermatheca not carved in. 


f 



Fw. 19. RtetofTonlia iahuriea. male. (After Jordan and BothaeMld.) 


4a BBCrontONTIA TBNELLA (Jordan, ]•<»>. Taxt «ce. TT and T8. 

Frontal tubercle prominent Genal comb with five spines, 
upper spine much broader and much more dorsal than ventral 
spine. Labial palpus 5- jointed. Pronotal comb composed of 
sixteen or seventeen spines. Longest apical bristle of second 
hind tarsal segment extending beyond apex of fourth. 

Male. — 8s with a row of three bristles on each side. Manu- 
brium not strongly widened towards base. Clasper dorso- 
apically rounded and incurved, not conical, strongly ventricose 
<m ventral margin. Finger strongly curved in basal half, widest 
near base and tapering gradually towards apex. Posterior arm 
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of 9« of similar width with finger, much narrower than anterior 
arm and tapering towards apex. 




Fio. 77. Bitctofrontia malt. Flo. 78. Baetofrontia UnstU, fcmalt. 

(After Jordan.) (Aftar Jordan.) 


Female . — Apex of 7« without sinus, very broad and rounded. 
Tail of spermatheca caved in on posterior side, bearing a pro- 
jection below cavity. A small species, less than two millimeters 
long. 

M. lacTontoNTU orris (J.rdui, mn. rmt «». ?» us so. 
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Genal comb composed of seven or eight spines, dorsal spine 
shorter than rest Frontal tubercle central in position. Labial 
palpus 5- jointed. Pronotal comb composed of twenty-six to 
twenty-eight spines. Fifth segment of all tarsi with five pairs 
of plantar bristles. 


Male. — 8f with some bristles 
above stigma. Clasper with one 
long dorsal bristle and many small 
bristles, lower margin strongly 
ventricose. Finger very slender, 
widest at middle and reaching apex 
of process of clasper, anterior mar- 
gin smooth. Proximal dilation of 
anterior arm of 9s angulate on an- 
terior and posterior sides, posterior 
arm widest at apex, anterior arm 
narrower than posterior arm. 

Female . — Apex of 7s divided by 
a broad, rounded subventral sinus 
into a broad, round upper lobe and 
a conical lower lobe. 8t with eight 
or nine spiniform bristles at and close to apical margin. Sper- 
matheca with subcylindrical tail. 



Fia 80. jRectofrontia divM, temAle. 
< After Jordan.) 


\ 


47. RBCTOFRONTIA JAON18 (Jordui. IIM). 
Text 81. 



/J 


Female . — Frontal tubercle small, 
nearer to oral angle. Labial pal- 
pus secondarily divided into seven 
or eight segments, divisions not 
quite complete. Genal comb com- 
posed of four spines, upper spine 
shortest. Longest apical bristle of 
first hind tarsal segment reaching 
beyond third segment. Apical 
margin of 7® strongly slanting, 
slightly and broadly incurved so 
as to form a rounded ventral lobe. 


Fm* 8X« Reetofrontia iaoni§, famalt. 
(After Jordan.) 
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4t. BECTOPBONTIA INSOLITA (Jordan, im). T«t dft. $t and 8S. 

Frontal tubercle prominent. Genal comb composed of seven 
spines, rarely six. Labial palpus 6-jointed, reaching beyond 
apex of fore coxa. Pronotal comb composed of about twenty- 


/■ 


Fio. H2. Krctofrontia insolita^ male. (After Jordan.) 

five spines. Longest apical bristle of 
second hind tarsal segment reaching 
beyond fourth. 

Male . — Clasper with a long sub- 
dorsal bristle. Manubrium strongly 
broadened towards clasper. Finger 
with a sharp process at middle of an- 
terior margin. Posterior margin of 
proximal dilation of anterior arm of 
9s rounded, not distinctly angulate; 
posterior arm wider than anterior 
arm, of nearly even width and with 
two subdorsal rows of spiniforms. 

Female . — Upper apical margin of 
7s strongly slanting dorsally; lower 
portion with a deep narrow bay, lobe 
above bay sinuate near middle, thus 
divided into two round sublobes, lobe below bay conical. 8^ 
with one bristle above stigma, a row of four to five bristles 
below stigma. 



Fio. S8. Rectofrontia in§olita, 
male. (After Jordan.) 
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«. BBCTOFBONTU ACCOLA (Wxntr. 111*). Tut M. 



Pia* 84. R 0 etofrcntia aecola, mate. 
(After Wajmer.) 


Male . — Dorsal spine of genal comb 
longer than ventral spine, with end 
reaching to three-fourths length of 
subdorsal spine. Ocular bristle not 
accompanied by any other bristles. 
Middle abdominal sternites with two 
bristles on each side. 8s with apical 
margin rounded off, without a side 
projection and with a row of one to 
four long bristles. Manubrium very 
short, wide at base. Posjterior arm 
of 9s with an incurving along pos- 
terior margin, thumblike in outline. 


I*. BKCTOraONTIA VICINA (Wunn. Tut a«. St. 



Fm. 86. lUeioftontia vicina, male. 
(Alter Waarner.) 


Male . — Dorsal spine of genal 
comb somewhat longer than ven- 
tral spine, attaining two-thirds 
length of subdorsal spine. Middle 
abdominal sternites with three 
bristles on each side. 7s with eight 
stout bristles in an arched row near 
apex. Posterior arm of 9s much 
broader than anterior arm which 
is angulate at middle. 


2. Family CTENOPSYLLID.® Baker, 1906 

Head usually with genal comb. Eyes present or absent. Ver- 
tical suture between bases of antennal grooves distinctly present. 
Thoracic segments not strongly shortened, their tergites together 
longer than first abdominal segment. Pronotal comb often pres- 
ent Abdomen often with combs and heavily clothed with bris- 
tles. Antepygidial bristles, as a rule, present. Male, clasper 
with one movable finger. Female, abdomen of gravid female 
only slightly distended, provided in a number of genera with two 
seminal receptacles. 

Some members of this family are very large. 


Key to the wubfamUiea of CteTiopeyllidm, 

1. Genal comb composed usually of three or more spines, none of tbeni 

overlapping CtbnopsyixinjB. 

Genal comb composed of two spines, one of which overlaps the other. 

Nbopsyixinji. 
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Subfamily CTENOPSYJLLIN.^: Wagner, 1927 

Genal comb consisting of three or more spines, none of them 
overlapping. Abdomen of female with one seminal receptacle. 

Key to the genera of Ctenopeyllinm. 

1. Labial palpua consisting of one or two segments, not extending much 

beyond apex of maxilla Stenoponia Jordan et Rothschild. 

Labial palpus consisting of five segments, extending much beyond apex 
of maxilla 2, 

2. Frontal spiniform absent. Genal comb composed of three or more flat- 

tened leaflike spines PaUeopsylla Wagner. 

Frontal spiniform present. Genal comb composed of ordinary spines 8. 

8. Position of eye normal. Genal comb composed of four or less spines. 

Ctenopsyllua Kolenati. 

Position of eye near top of front. Genal comb composed of fifteen spines. 

Pectinoctenua Wagner. 

16. Genus STENOPONIA Jordan et Rothschild, 1911 
Labial palpus 1- or 2-segmented, not extending much beyond 
apex of maxilla. Genal process narrow and short, not reach- 
ing further backwards than uppermost spine of genal comb. 
Club of antenna short in both sexes. First pair of plantar 
bristles of fifth tarsal segment placed in between second pair. 
Female with only one spermatheca. 

11. STENOPONIA CCELESTIS Jordan et Rothschild. 1911. Text five. 86 and 87. 


Female . — Genal composed of nine spines. Labial palpus 1- 
segmented, Pronotal comb composed of thirty-live spines. Ab- 



Pl0. 86. StdHOfNmia eorlestie, female. Fio. 87. Stenoponia ootleetU, 

head. (After Jordan and Rothschild.) female (After Jordan and 

Rothschild. ) 
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dominal tergites with only two rows of bristles each, only first* 
second, and third segments having an incomplete third row. 
Comb of It consisting of thirty-one spines on two sides together. 
Four antepygidial bristles on each side. Apex of 7s divided 
by a rather deep sinus. 

8t divided by an apical incision into a broad, setose upper lobe 
and a narrow, naked lower lobe. A large species, 3.6 millimeters 
long. 

17. Genua PALiEOPSYLLA Wagner, 1902 

Frontal tubercle prominent. One frontal row. Eye vestigial. 
Vertical genal comb composed of four flattened spines, dorsal 
spine short and triangular, second from above long, much 
pointed. Labial palpus 5-8egmented. Two occipital rows pres- 
ent. Inner side of hind coxa without spinelets. Fifth tarsal 
segment with first pair of plantar bristles situated between 
second pair. Some abdominal segments with short apical teeth. 
Three antepygidial bristles. 

Male. — 8« very broad. Process of clasper not marked. 

a. PAIx«OPSTLLA REHOTA Jordan. 112(. Tozt ilc. 8 «. 

Female . — Dark portion of short 
upper genal spine narrower, second 
spine broader than in other species 
of this genus, third spine pointed. 
Labial palpus reaching to apex of 
fore coxa. Pronotal comb composed 
of fifteen long, narrow spines. Apex 
of 7s with a broad upper lobe and a 
triangular subventral lobe, latter 
projecting more than former. 8f 
with a vertical row of three bristles 
on ventral middle portion ; apical 
margin shallowly sinuate, with three 
bristles below sinus exclusive of two 
Fia 88. PoimopnUu rtmota, ftnuie. small oues between them. Apex of 
(After Jordan.) conicsl, with loug apical bristles. 

18. Genus CTENOPSYLLUS Kolensti, 186S 

Head strongly angulated. Front with two or more spiniforms 
near frontal tubercle. Vertical genal comb compost of two 
to four, seldom six, spines. Eye feebly developed, almost un- 
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pigmented. Ocular row composed of two bristles. Three oc- 
cipital rows. Hind tibia with a row of numerous short, equal 
bristles forming a comb. Fifth tarsal segment with first pair 
of plantar bristles situated between second pair. Antepygidial 
bristles, three in male and four or five in female. 8s well 
developed in male. 

U. CTBNOPSTLLUS 8EGNI8 (SchSnlMrr. 1811). Tnt tt*. 89 mi4 80. 

Four genal spines forming a vertical row. Many frontal 
bristles of which two are spiniform. Three well-developed oc- 
cipital rows. Pronotal comb composed of about twenty spines. 

Male . — Process of clasper with apex rounded. Finger more 
than twice as long as broad, almost of even width from base 
to apex, slightly and nearly evenly curved along posterior margin. 



nin, female, head. (Af- Fi«. 90. CtanopavOv# Mpnia, female, 

ter Rothschild.) •permatboea. (After Fox.) 

Female . — Stylet less than three times as long as basally 
broad. Head of spermatheca elongate, about one-third longer 
than tail and about twice as broad at base as at tail. 

19. Genus PECTINOCTENUS Wusmer, 1929 

Differs from Ctenopsyllus by the complete development of an 
antennal comb which runs parallel to the entire anterior margin 
of the antennal groove, and by the dislocation of the eye to- 
wards the top of the head near the base of antennae, in fact 
limited by the development of the genal comb. 

U. PECTINOCTENUS ADALIS Jordui. 1988. T»xt flr 91. 

Male . — Genal comb composed of fifteen spines. Pronotal 
comb composed of thirty-two spines. Besides apical row, three 
rows of bristles on mesonotum and two on metanotum. Met- 
epimeron with eight (four, three, one) bristles. Abdominal 
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tergites with two rows of bristles each. 
Three antepygidial bristles. 8t with 
eight bristles on widened area below 
stigma. Process of clasper slender, 
gradually narrowing. Finger widest 
above middle, posterior margin rounded 
from this point to tip, provided with 
eight bristles, no spiniform present. 
Apex of process of clasper and finger 
clawlike, brown, curved toward each 
other. 98 with broad anterior arm and 
very narrow posterior arm; anterior 
arm with a narrow, rounded proximal 
apex, distal half of posterior arm 
bristly. 

Subfamily NEOPSYL-LIN..E Oudemans, 190© 

Genal comb reduced to two spines, one of which overlaps the 
other. 

20. Genas NEOPSYLLA Wagner, 1902 

Frontal tubercle small. Genal comb consisting of two over- 
lapping spines. Front reduced. Hind coxa with or without a 
patch of spinelets. First pair of plantar bristles of hind legs 
moved on to ventral surface between second pair, or first pair 
of plantar bristles of all legs placed ventrally between second 
pair. Some abdominal segments with dorsal apical teeth. 

K«v to tho fpoeiea of Neopaylla. 

1. Male, process of clasper not divided into two lobes. Female, npper angle 

of apex of 7s not divided into two lobes...... 2. 

Male, process of clasper divided into two lobes. Female, npper angle 

of apex of 7s divided into two lobes. S. 

t. Pronotum with two rows of bristles in front of pronotal comb. Male, 

finger with very acuminate apex. 8. 

Pronotum with one row of bristles in front of pronotal comb. Male, 

finger without very acuminate apex .... 4 . 

8 . Male, finger with an acuminate apex. Female, apex of 7s with an upper 

long, rounded lobe. JV. bidentatiformia (Wagner). 

Male, unknown. Female, apex of 7s without this lobe, shallowly sinuate 

near middle N. eompar Jordan et Rothschild. 

4 . Occiput with two rows of bristles. Male, finger widest near distal part, 
evenly rounded along posterior margin. Female, 7e vrith rounded lobe 

above sinus N. aliena Jordan et Rothschild. 

Occiput with three rows of bristles. Male, finger widest near proximal 
portion, slightly concave near middle of posterior margin. Female, 
7s with triangular or pointed lobe above sinus.... N. anoma Rothschild. 



BMk. (Aft«r Jordan.) 
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flfcond lobe of process of olesper yery broad and more or less 
roonded. Posterior margin of finger evenly convex and withotit spin!- 

llale> second lobe of process of clasper narrow and distinctly conicaL 
Posterior margin of finger slightly concave near middle and with a 

spiniform near base N. honora Jordan. 

fi.Male» second lobe of process of clasper bearing bristles along anterior 
half of dorsal margin. Finger robust, about two and one-half to three 
times as long as wide. Manubrium broad and widest at middle. 8s 
not triangular and with broad apex. N. Bpecialia Jordan. 

Male, second lobe of process of clasper bearing bristles along posterior 
half of dorsal mar^n. Finger slender and about five times as long 
as wide (near middle). Manubrium slender, widest at base. 8s tri- 
angular with sharp apex. Female, upper angle of 7s divided into two 
pointed lobes.. .... .... ........ N, etevenei Rothschild, 

SS. MVOPSTLUt BIDBNTATIFORMIS <W«siMr. 18tS). Tnt Sat. M to 94. 



Flo. 92. NeQp$ylla bid^ntatiformi*, malo. hoad. (Axtthor’t drawina.) 
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Front perpendicular, with a small frontal 
tubercle. Eye incompletely pigmented in 
male. Antennal groove produced partly onto 
prostemum. Ocular row composed of four 
bristles and frontal row of five short bristles. 
Occiput with three rows of bristles. Pro- 
notal comb composed of eighteen spines. 
Metepimeron with three rows of transverse 
vertical bristles of which the two front rows 
are curved. 

Male . — Process of clasper very much 
rounded and hairy. Finger with pointed 
apex, posterior margin more or less truncate. 
Posterior arm ©f 9s along apicoventral mar- 
gin with a row of about fifteen shortened 
no. M. stopvua biian- bristles. 
toWormi*. Female . — Apex of 7s with two rows of 

Autbort wiiw.) gi^ut bristles, slightly sinuate, lobe above 

sinus projecting, rounded. 8s heavily beset with straight bristles 
projecting backward; marginal row consisting of nine bristles, 
about fifteen lateral bristles of which at least four are long. 

M. MBOPST1.LVS ANOMA BaUuMhlU. KIZ. Tot Sgi. IS uiS II. 


Front strongly rounded with a small frontal tubercle. Eyes 
almost absent. Frontal row composed of six to eight bristles, 
ocular row composed of four bristles. Occiput with three rows. 



Tiq, 91. nnoma, mAl«. (Aft«r . Fkj. 98. NwoptyUa wn&ma, ftauU*. (i 

BotheehQd.) BothKhlld.) 
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Pronotal comb composed of eighteen spines. Hind coxa bearing 
a patch of spinelets on inner side, 

Male. — 8t bearing six short hairs above stigma. Ss large, 
apically truncate-emarginate in lateral view, with angles strongly 
rounded off. Body of clasper large, upper angle rounded, lower 
angle acute. Manubrium widest at center. Finger as long as 
clasper, apex sharp, right-angled. Anterior arm of 9s broad, 
elbowed, proximally rounded, posterior arm narrowest at middle, 
bearing along ventral margin one long bristle and several smaller 
bristles. 

Female . — Apex of 7s with a round sinus, lobe above sinus 
pointed, lobe below sinus broadly rounded. St with six short 
hairs above stigma; no short hairs below, and six or seven long 
bristles at lower portion; apex sharply pointed. Spermatheca 
with tail much longer than head. 


17, NEOP8YLLA ALIENA Jordan at Eothachild, 1911. Text ftfs. 97 and 98. 


Front vertical in male, more slanting in female. Eye indi- 
cated by a narrow oblique bar. Frontal row composed of five to 



Fio. 97. NeoptyUa aliena, 
mala. (After Jordan and 
Rothaehild.) 



Fio. 98. NttopgyUa aUena, female. 
(Afior Jordan and Both* 
achUd.) 


nine bristles, ocular row of three bristles. Pronotal comb com- 
posed of sixteen spines. Metepimeron with twelve to fourteen 
(four to six, five, two or three) bristles. Hind coxa with a patch 
of spinelets on inner surface. All five pairs of plantar bristles 
lateral in position. 

Male. — 8s broad, apex almost evenly rounded in side view. 
Body of clasper almovst square, without acetabular bristles. 
Manubrium widest at center. Posterior margin of finger evenly 
rounded, bearing a number of small bristles. 9s with a some- 
what cylindrical and broad anterior arm; posterior arm broad 
proximally, narrowing towards apex, bearing seven pairs of 
bristles. 
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Female. — le divided by a central sinus into a rounded uppar 
lobe and a broader, less rounded lower lobe. Upper apical angle 
of 8t pointed. Ss bearing no bristles and ending on each side 
in a long slender point. Tail of spermatheca about twice as 
long as head. 


i8» NEOPSTXJLA COMPAR Jordan RothsehiJd* 1911. Tost ig. 99. 



ftab M. Noo^ogOa eomptLT, ftmalo. 
(After Jordan and Rotbsehlld.) 


Female . — Closely allied to N. biden- 
tatiformia. Pronotum bearing a row 
of eight small bristles in front of 
postmedial row of bristles on two 
sides together. Hind coxa with a 
patch of spinelets. Dorsal bristles 
of hind tibia thinner. Apex of le 
shallowly sinuate. St bearing a mar- 
ginal row of six or seven bristles, 


near these bristles about eight more, of which two are long. 


W. MXOPSTLLA 8TBVBNBI B«tlnchlld. UU. Tat >■.. 100 and 101. 

Male . — Near N. anoma. 8s broadly conical at apex, bearing 
about fifteen stout bristles. First process (Pi) of clasper long. 



Fza 100. Neoptytia ttevenei, mala. (After Rotb- 
tcbild.) 



Pio. 101. N e o p» 
»yUa 9teven*i, 
female. ( After 
RothfchUd. ) 


with two or three long bristles at apex and some short bristles 
at dorsal margin, no bristle at ventral margin; second process 
very broad, distinctly rounded. Manubrium slender, gradually 
tapering towards apex. Finger very long, evenly rounded at 
posterior margin. Apical portion of posterior arm of 9s bear- 
ing about twenty-two shortened bristles. 
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Female. — ^Apex of 7s very peculiar, upper angle divided into 
two small pointed lobes. 

M. NSOPSTLLA SPBCIALIS Jordui, lin. Tnt tc. IM. 

Male . — Near N. stevensi, but differing in genitalia. Ss rounded 
at apex, bearing dozen bristles of which two subapical oz 
are longest. First process of 
clasper slightly shorter; sec- 
ond process divided apically 
into an anterior bristled lobe 
and a pale rounded lobe. Ma- 
nubrium very broad, widest 
at middle. Finger somewhat 
spindle-shaped, about two and 
one-half times as long as 
broad, posterior margin even- 
ly rounded from base to apex. 

Acetabulum extending much 
farther dorsad than in N. ste- 
vensi. Anterior arm of 9s 
broad, somewhat cylindrical; 
posterior arm narrowing at ■mw. (Aftw 

apical third, apex with a ven- 
tral row of six shortened bristles. 



•1. KBOPSTLLA BONOBA Jordan, im. Tatt U. I«. 


Male . — Near N. stevensi. 
8s with four long subapical 
bristles. First process of clas- 
per much shorter than those 
of N. stevensi and N. speeia- 
lis; second process conical, 
with four bristles at apex. 
Manubrium of clasper nar- 
rowing very gradually from 
base to apex, which is turned 
up at tip. Finger rectangular, 
with posterior margin in- 
curved at middle, and a spini- 
form at posteroventral angle. 
Anterior arm of 9s unusually 
broad and short ; posterior 
arm narrowing to a point. 



bearing only thin bristles. Fio. 108. NcopgvQa /UHiora, iiuU«. (After Jordan*) 
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8. Family ISCHNOPSYLLID^ Wahlgren, 1907 

Head without senal comb, but with two preoral flaps at 
anteroventral portion on each side. Eyes usually greatly re- 
duced or absent. Vertical suture between bases of antennal 
grooves distinctly present. Thoracic segments not strongly 
shortened, their tergites together longer than first abdominal 
tergite. Pronotal comb often present. Abdomen with or with- 
out true combs made up of subequal toothlike spines, or false 
combs made up of enlarged setse of a transverse row ; abdomen 
with two rows of setse to each typical tergite, and with tiny 
apical teeth on some tergites. Antepygidial bristles present or 
absent. Clasper of male with one movable finger. Abdomen 
of gravid female only slightly distended, provided with only 
one seminal receptacle. The members of this family are con- 
fined entirely to bats. 

Kejf to the genera of lecknopeyllidm, 

L Maxillft sharp and pointed. Antepygidial bristles absent, instead of 
which there is a false comb on 7t Nycteridopsylla Oudemans. 

Maxilla truncate. Antepygidial bristles present. SL 

2. Abdomen with false combs formed by thickening of some bristles in one 
of transverse rows. Abdominal segments with a transverse dorsal 
incrassation Myodopeylla Jordan et Rothschild. 

Abdomen with true combs of subeqoal toothlike spines. 

leohnopsyllus Westwood. 

21. Genus ISCHNOPSYLLUS Westwood, 1883 

Maxilla truncate at apex. Ocular bristle near anterior mar- 
gin of antennal groove. Two or three rudimentary occipital 
rows. Six to eight true combs of subequal toothlike spines on 
thorax and abdomen. Antepygidial bristles present. Male, two 
acetabular bristles. Female, ductus seminalis with dilated por- 
tion. 

Key to the species of Ischnopsyllus, 

1. Mesonotum with a group of six very long dorsoapical bristles. Male, Bs 

arm-and*fist-shaped, without bladelike bristles. Finger widest at base 
and apex. Female, apex of 7s slanting. Tail of spcrmatheca much 
longer than head /. comans Jordan et Rothschild. 

Mesonotura without a group of long dorsoapical bristles. Male, 8s of 
different shape, with bladelike bristles. Finger widest either at apex 
or at base. Female, apex of 7s rounded-dilated at middle. Tail of 
spermatheca shorter than head - 2. 

2. Male, apex of 8s club-shaped; with one bladelike bristle. Process of 

clasper short and rounded. Female, stylet conical. Head of sperma- 
theca aubglobose, about two and one-half times as broad as tail. 

/. tateishii Sugimoto. 
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Male, aiKSX of 8« not club-shaped, and 'with five long, bladelike bristles. 
Upper process of clasper long, conical. Female, stylet more or less 
cylindrical. Head globose, about two times as broad as taiL 

/. needhamia Hs&. 

S2. IHCHNOPSTLLUB COHANS Jordui (t RothiehUi. 1S». Tut Ssi. 104 to 100. 

Mesonotum ■with a group of six very long dorsoapical bristles. 
Male. — 8f irregularly square, upper posterior margin slightly 
incurved, with ten bristles. Ss narrowest in middle, slightly 


Pro. 104. iBcknopgyllua eomam, 

h«Ad. (After Jordan and Itetli* J»ohn4>p8vUn$ eomant, male. (After Jordan 

•ehUd.) ,nd RotluchUd.) 

widening distally, with apex curved upwards and bearing three 
long apical bristles. Clasper also irregularly square, distal 
margin moderately incurved, both up- 
per and lower angles rounded, upper 
angle produced as a broad rounded 
lobe, lower angle bearing two very 
large spiniform bristles. Finger 
about twice as long as broad, with 
both anterior and posterior margins 
incurved and bearing two spiniforms 
situated farther apart along posterior 
margin, and, in addition, four apical 
bristles. 9s divided by a deep ven- 
tral sinus into two lobes; proximal k,o :o 6. /«fcnopuB«* «««<»«. tt- 
lobe broad, ventrally rounded-dilated, ” ^ *^ ^**^**’^ Jordan and aotb- 
tapering towards apex; apical lobe 
narrow, ■widest at middle, bearing five thin bristles. 

Female. — 7s slanting upwards. Stylet short, conical, about 
two and one-half times as long as broad. Spermatheca with a 
Bubglobose head and a long tail. 
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Dorsoapical bristles of mesonotum short. 

Male. — 8t irregularly square, posterior margin slightly in- 
curved, bearing seventeen bristles behind stigma. 8< bearing 
at apicoventral margin a row of six bristles, proximal to them 
a group of five very stout, bladelike bristles of which two hind 
ones are situated on the outer surface, and the three anterior 



ones on the inner surface. Clasper with a long, projecting 
upper angle, bearing two weaker spiniform bristles at lower 
angle. Finger oval, pointing posteriorly, and bearing four short 
laical bristles and one spiniform at middle of ventral margin. 

Female . — ^Apex of 7s less rounded-dilated than in /. tateUkiL 
Stylet short, cylindrical, about twice as long as broad. Sperma- 
ihi^ with globose head which is not longer than tail. 
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Fw. ML nMOamte. tmui*. (Aothoi'a dfmwiu.) 


M. ISCHNOFBTLLA TATBIBHU SwUwto. iMt. T«it <ct. 109 anO 110. 

Donoapical bristles of mesonotom short. 

Male. — 8^ irregularly square, posterior margin not incurved, 
bearing ten bristles. Ss with club-shaped apex which bean an 
apical bladelike bristle. Clasper square, distal margin truncate, 
not incurved, both angles rounded, lower angle bearing two 
very large spiniform bristles. Finger slender, about four timee 
as long as broad at middle, bearing only one spiniform at middle 
of posterior margin and, in addition, four short apical bristles. 
9s also divided into two lobes; proximal lobe ventrally angulate; 
apical lobe widest at base, bearing two thin bristles. 

Female . — Apex of 7s rounded-dilated at middle. Stylet 
slender, conical, about three and one-half to four times as long 
as broad. Spermatheca with a large subglobose head which is 
longer than tail. 
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22. Genoa MYODOPSYLLA Jordan et RothachUd, 1911 

Maxilla truncate. Eyes distinct. First segment of maxillary 
palpus longer than second. Pronotum with a true comb, all 
other combs composed of thickened bristles of submedian row 
of tergites. It on each side with a long apical bristle which 
stands on a conical process of margin. Of all tarsi first pair 
of plantar bristles of fifth tarsal segment standing between 
bristles of second pair, third pair displaced ventrally. 

U. MYODOPSYLLA TBI8KLLIS Jordan, 1»2». Tazt Bki. Ill and 111. 



Meso-, and metanota with 
three rows of bristles. First 
and second abdominal tergites 
with three rows, others with 
two. First to third abdom- 
inal tergites with a false 
comb. 

Male 8« with a rounded 

apical lobe bearing numerous 
small bristles and three or 
four stout bristles at dorso- 
apical margin. Process of 
clasper conical, bearing two 
longish bristles. Manubrium 
very large, longer and basally 
broader than body of clasper. 
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Finger short, slightly elbowed, less than twice as long as broad, 
resembling head of a bird. Paramere somewhat Bole<shaped, 
posterior margin widely sinuate. 

Female . — ^Apex of Is strongly slanting, slightly incurved near 
middle. Spermatheca with a very long tail. 

28. Geniu NTCTERIDOPSTLLA Oudemaiu, 1906 

Maxilla acuminate at apex. Ocular bristle absent. Occipital 
portion prolonged. Two or three rudimentary occipital rows. 
All species with five combs on thorax and abdomen excluding 
false comb on It. Antepygidial bristle absent Male, one 
acetabular bristle. Female, ductus seminalis without dilated 
portion. 

KTCTEB1DOP8TLLA GALBA Duupt IM. Tazt 0ft. Ill tnii 114. 

Male, front strongly arched. Genal process long, rounded off 
at apex. Eyes depigmented. Second antennal segment with 
a long bristle; three long bristles above posterior margin of 



Fm. 111. NycUridop^vUa male, part of bead. (Afttr 

Dampf.) 


antennal groove. Occiput prolonged. All legs with five pairs 
of plantar bristles, first pair located between second pair. Al> 
together five true combs one each on pronotum (twenty-eight 
to thirty-five spines), metanotum (seven to fourteen spines). 
It (eighteen to twenty-four spines), 2f (eighteen to twenty- 
four spines), and St (sixteen to twenty-four spines). It with 
a false comb of ten spines on two sides together. Clasper 
triangular, with conical process and manubrium. Finger with 
a rounded lobe at anterodorsal margin, apex provided with two 
heavy blunt spiniforms, ventral margin with three spinifonns. 
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Apex of 98 widened in form of a knife, terminating in two 
sharp points. 



4. Family VERMIPSYLLID^ Wagner, 1889 

Head without genal comb. Eyes present. Vertical suture 
between bases of antennal grooves absent. Preoral flaps lack- 
ing. Thoracic segments not strongly shortened, their tergites 
together longer than first abdominal segment. Pronotal comb 
lacking. Abdomen without combs, without tiny apical teeth 
on tergites, but with more than a single row of bristles to each 
lypical abdominal tergite. Antepygidial bristles wanting. 
Clasper of male with one movable finger. Abdomen of gravid 
female more or less distended and provided with only one 
seminal receptacle. 

This small family comprises three genera, of which only two 
are represented in China. 
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Key to the genera of Vermipeyllidm, 

1. Labia] palpus with five, seldom six, segments ChmtopeyUa Kohaut. 

Labial palpus with ten or more segments Vermipeylla Schimkewitsch. 

24. Genus CCL^OPSYLLA Kohaut, 1903 

Combs wanting. Frontal tubercle prominent Ocular row 
composed of four bristles, ocular bristle before eye. Labial 
palpus composed of dve, seldom six, segments. Gena often dark, 
blending with eye. Club of antenna long. One or two occipital 
rows. Fifth tarsal segment of all legs with four pairs of lateral 
plantar bristles. Antepygidial bristles wanting in both sexes. 

Male. — 8s longitudinally divided into two parts. Clasper 
broad and deep, disclike, without nonmovable process. 

Female . — longitudinally divided into two parts. Abdomen 
of gravid female extensible. Usually hairy species. 

•T. CBJnOPSnXA BANOCBOWBNSIS IP. noT. T*xt at*, ns to 117. 



FXO. 116 . ChmtopttlUtL hangchownuiM ip. nov.» male, head. 
(Author'! drawing.) 


Allied to C. homceua Rothschild. Male differing from 
homoeua by the finger distinctly tapering towards the apex, apex 
of manubrium bluntly rounded, posterior margin of clasper pro- 
vided with fourteen long curved bristles, and shape of paramere 
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distinctly diflferent. Female differing in that the apex of seventh 
sternite is rounded-truncate with a slightly incurved central 
sinus. From C. mikado Rothschild, which was known only in 
the female form, the present species can be distinguished by 
the longer bristles of the second antennal segment, the presence 
of three vertical rows of bristles on the epimeron of metathorax, 
and the thin hairs of the frontal row. 

Head . — Head evenly rounded from occiput to mouth in female 
and slightly concave above occiput in male. Frontal tubercle 
prominent, situated at middle of frontal margin. Ocular row 



Fia. 116. Chmtoptylla /lanpohowensia ip. nov.. male. 
( Author’! drawing.) 


composed of four stout bristles equidistant from each other. 
Obliquely above eye a frontal row of four (in male) or two to four 
(in female) small bristles, upper two bristles in male very small, 
lower two stout, in female all small; this row of small bristles 
above ocular row in male and somewhat in line with ocular row 
in female. Eyes distinct. Genal process acute. Bristles of 
second antennal joint reaching beyond middle of club in male and 
extending to or a little beyond apex of club in female. Eight 
(in male, three in female) short seta present along posterior 
margin of antennal groove. Maxillary palpus shorter than 
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labial palpus; proportional lengths of segments of former 
19 : 16 : 12 : 26 in female and 17 : 18 : 10 : 20 in male ; in male 
maxillary palpus shorter than lowest bristle of ocular row, in 
female longer than lowest bristle of ocular row. Labial palpus 
reaching a little over four-fifths of length of fore coxa; seeming 
to consist of six or seven segments in male. Apex of maxilla 
acute. Occiput with a row of three bristles behind base of 
antenna, one small bristle preceding row and situated on hind 



Fia 117, Chmtop»yUai hangehownaiB ap. nov., femala- 
(Auihor'a dniwingr.) 


margin of antennal groove, another row of three larger bristles 
behind middle of antenna, an apical row of eight (in male) 
or nine (in female) stout bristles on each side, of which lowest 
bristle is longest. 

Thorax . — Pronotal comb lacking. Pronotum with an apical 
row of nine bristles on each side (excluding few small hairs 
between bristles), lowest bristle near spiracle longest. Meso* 
ttotum with a submedian row of five to seven bristles and an 
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apical row of five stout bristles. Mesepisternum with two (in 
male) or three (in female) bristles. Mesepimeron with four 
(in male) or five (in female) bristles, lowest bristle near spir- 
acle widely apart and stoutest. Metanotum with a submedian 
row of six (in male) or eight (in female) strong bristles 
(excluding smaller ones) and an apical row of six (in male) 
or five (in female) stout bristles. Metepistemum with two 
rows of bristles (male, two, four; female, four, five). Meta- 
sternum with two rows of stout bristles (two, two). Metepi- 
meron with three rows of bristles, bristles of first row slender, 
those of second very stout, those of third short and irregular, 
number of bristles in. each row of male six, five or six, five; of 
female, eight or nine, five or six, seven. 

Legs , — Outer surface of fore femur with about fourteen 
bristles. Hind femur with fourteen (in male) or seventeen 
(in female) bristles along ventral margin. Hind tibia with six 
pairs of dorsal spines and with a row of nine (in male) or eleven 
(in female) bristles on outer surface. Apical bristle of first 
hind tarsal segment as long as second tarsal segment, apical 
bristle of second and third hind tarsal segments exceeding apex 
of following segment. Proportions of tarsal segments of all 


legs: 



2d. 

3d. 

4th. 

6th. 


rFore tarsi 

18 

18 

17 

13 

84 

Miiln 

Midtarsi 

27 

22 

18 

13 

SO 


[Hind tarsi 

47 

31 

20 

14 

85 


rFore tarsi 

20 

25 

20 

16 

40 

Female J 

Midtarsi 

40 

36 

23 

17 

35 

1 

[Hind tarsi 

68 

44 

28 

20 

65 


Abdomen . — Chsetotaxy of abdominal segments on each side: 

Male. — It, three rows: two, six, five; 2f, two rows: six, nine 
(one below stigma); St, two rows: ten (five below stigma), 
seven (one below stigma); At, two rows: seven (three below 
stigma), six; 5t, two rows: two (one below stigma), seven (one 
below stigma) ; 6t, two rows; one (below stigma), five; It, one 
row of four. 

Female. — It, three rows; two, six, five; 2t, two rows: seven, 
five ; St, two rows : ten (five below stigma) , five ; At, two rows : 
six (two below stigma), five; 6t, two rows: two, four; 6t, two 
rows: one, four; It, two rows: two, three. 

U72 ( — 1 
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Chsetotaxy on sternites: 

Male. — 8*, two rowa: two, six (all hairs) ; 4e, two rows: two, 
five (all hairs) ; 6s, one row of five; 6s, one row of four; 7s, one 
row of four (stout bristles). 

Female. — Ss, two rows: three, five (all hairs); 4s, one row 
of three; 5s, one row of three; 6s, one row of two; 7s, one row 
of two. Antepygidial bristles lacking. 

Modified segments. — Male. — 8f with one row of eight bristles, 
lowest two stoutest. Clasper except part connected with manu- 
brium cup-shaped, with a group of nine spinelets near dorsal 
margin or above finger, another group of sixteen spinelets 
below finger. Ventroposterior margin of clasper with fourteen 
stout bristles which are curved at apex, a character which dis- 
tinguishes this species from all o^er species of the genus. 
Manubrium with distal part nearly of even width and wii^ 
blunt apex. Finger cucumber-shaped, tapering towards apex. 
Shape of paramere characteristic of the species. 

Female. — 8f bearing on upper half five bristles above stigma 
and from stigma downwards a regular vertical series of twelve 
bristles, lower six bristles very stout; apex bearing fourteen 
bristles (six dorsal and eight ventral), three dorsal bristles 
and six ventral bristles very stout. On the inner side of apex 
of 8f about thirteen spinelets. 8s resembling in shape a broad 
bean pod, with a group of five (three or four paratypes) 
bristles near apex and below this group three (two or three 
in paratsrpes) stout bristles. Hind margin of 7s slightly con- 
cave at middle. Spermatheca somewhat distorted in allotsrpe, 
figure in lower right-hand corner drawn from paratype. 

Length, male, 1.4 millimeters, female, 2.5. 

One male and four females taken off the Chinese weasel, 
Putorivs sinensis from Hangchow, in 1935. Holotype, a male; 
allotype, a female, and three paratypes (females) in my col- 
lection. 


25. Genus VERMIPSYLLA Schimkewitsch, 1885 

No comb on head and pronotum. Frontal tubercle present. 
Eye present. Club of antenn® short, not much longer than 
broad. Labial palpus with ten or more segments. Ocular row 
composed of four or five bristles. Hind coxa without spinelets. 
Fifth segment of all tarsi with four pairs of lateral plantar 
bristles. Antepygidial bristles wanting. Gravid females with 
distended abdmnen. 
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n. TcncmnnuLA oobcjaia loikMhM, uu. 

Allied to V. olakwrt. Tergites of thonuc and abdomen bear- 
ing each two rows of bristles, anterior row dorsally more or 
less incomplete (almost absent in female) , bristles of both rows 
short except two situated below stigma. Midtibia with four 
and hind tibia with only three pairs of long bristles at dorsal 
edge, including apical bristles, others reduced to slender bristles. 
First fore- and midtarsal segments shorter than second; hind 
tarsal second to fourth segments each with long apical bristles 
extending beyond fifth segment, thinner and shorter than those 
of V. alakurt. Abdominal sternites with only one bristle on each 
side. 

5. Family PULICIDiE Taschenberg, 1880 

Head with or without genal comb. Eyes nearly always pres- 
ent. Vertical suture between bases of antennal grooves absent- 
Preoral flaps wanting. Thoracic segments not strongly short- 
ened, their tergites together longer than first abdominal ter- 
gite. Pronotal comb absent or present. Abdomen without 
combs, with a single row of bristles to each typical tergite. 
Antepygidial bristles always present. Clasper of male with 
two movable fingers on each side. Abdomen of srravid female 
only slightly distended and provided, except in one genus, with 
only one seminal receptacle. 

Subnamlly PULICIN^E Tiraboschi, 1004 

Club of antennae asymmetrical, very slightly segmented on 
lower side, first segment of club lanceolate or spatulate. IHrst 
midtarsal segment much shorter than second. 

Key to the genera of Pulicinm^ 

1. Pronotal comb of spines and genal comb absent 2, 

Pronotal comb of spines and genal comb present 8. 

2. Mesosternite rather narrow, without a vertical sclerotized rod besides an 

oblique one. Ocular bristle situated lower than eye.... Pulex Linnieus. 

Mesosternite very broad, with a vertical sclerotized rod besides an oblique 

rod. Ocular bristles situated before eye Xenopeylla Glinkewicz. 

8. Genal comb composed of three or less spines. Pronotal comb much re- 
duced, with eight or less spines Arckmopeylla Dampf. 

Genal comb composed of more than three spines. Pronotal comb not 
reduced, with at least twelve spines.... Ctenocephalides Stiles et Collins. 

26. Genus CTENOCEPHALIDES Stiles et Collins, 1930 

Frontal tubercle absent. Eye present. Labial palpus 4- 
jointed. Club of antennee distincliy segmented only on pos- 
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terior side. Ocular row of two bristles on sena. Genal comb 
of about seven to eleven rather long, pointed and recurved 
spines. A strong incrassation from antennal groove upwards. 
iSvo occipital rows of one bristle. Pronotal comb composed of 
sixteen to eighteen spines. Hind coxa with spinelets. One 
antepygidial bristle on each side. 8s of male broad. 


. Key to the epeeiee of Ctenoeephalidee» 

1. Front strongly rounded; distance from frontal comer across eye to an- 
terior edge of antennal groove equal to distance from eighth genal 
spine to vertex. First spine of genal comb much shorter (about one* 
half) than second spine C. eanie (Curtis). 

Front strongly pointed; distance from frontal comer across eye to an- 
terior edge of antennal groove about one-fifth to one-third longer than 
distance from eighth genal spine to vertex. First spine of genal comb 
slightly shorter than second spine. C. felie (Bouch6). 

•f. CTENOCKPHALIDRS CAKIS (CbHIi. IStS). Tnt Sffik 118 and lift. 

Front strongly rounded. Distance from frontal comer 
across eye to anterior margin of antennal groove equaling that 



Fio. 118. Ct€noe 0 ph<Uide» oanit, 
fcniAle, ham d. (After RoUi* 
a^hUd.) 



Fio. 119. CtenooephaUdee 
nis, male. (After BotK- 
■ehiid.) 


from eighth genal spine to vertex. First (anterior) spine of 
genai comb much shorter than second. Abdominal stigma 
larger. 

i»faZe.--Manubrium straight, narrow, distinctly widened at 
apex into a spatula. Finger sole-shaped, widening gradually to- 
wards rounded apex ; finger bearing numerous setse along edge, 
except basal third of dorsal margin and basal three-fourths of 
ventral margin. 

Female. — 8f less rounded at apex. Stylet less slender than 
in C. 

n. CTEKOCBPHALIDBS FELIS <B«neh«. Ittt). Tut fld. UO Hid 1». 

Front less rounded. Distance from frontal corner across eye 
to anterior margin of antennal groove almost one-fifth (male) 
to one-third (female) longer than that from eighth genal spine 
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Fio. 121 « Ct0noo€phalid«B /•- 
lUf fnaie. (After BotK> 
•ohild) 

to vertex. Head much more pointed in outline. First spine 
of genal comb a little shorter than second. Abdominal stigma 
smaller. 

Male . — Manubrium straight and narrow, only slightly 
widened at apex. Nonhairy portions of margins of finger shorter. 

Female. — 8t more rounded at apex. Stylet slenderer than 
in C. canis. 

27. Genus ARCH^EOPSTLLA Dampf, 1908 

Genal comb composed of one to three, usually two spinea 
Eye present. Labial palpus reaching much beyond apex of third 
segment of maxillary palpus. Pronotal comb present, much 
reduced. Hind coxa with a patch of spinelets on inner surface. 
One antepygidial bristle on each side. 

n. ABCHJKOPBTLLA SINENSIS Jordan at RothachUd. 1(11. Tazt Sst. IM and IM. 

Genal comb either absent or small and pale. Head with in- 
ternal incrassation from antennal groove upwards. 




Fro. 120 . CtmiocBphalideB 
famale, bead. (After Roth- 
•ebUd.) 



Fio. 122. Archmoufylla sinenatin, male. (After Jordan 
nod Rotbicbild.) 



FlQ. 122. Arehjeoptvlla 
female. (After Jordan and 
Rotbeeblld.) 
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Male . — ^Ventral margin of 8a not denticulate. Manubrium 
long and narrow, apex slightly dilated and rounded. Fingwr 
very broad, apex gi^ually and slightly convex, ventral edge 
bearing a narrow membranous appendage. 9a small, lying 
within finger, anterior margin nearly straight, posterior margin 
strongly rounded near apical portion. 

Ferndle . — Apical margin of 7s straight, very slightly incurved 
near center. Apex of St more or less truncate. Spermatheca 
appearing 3- jointed, widest portion of head slightly leas than 
twice width of tail. 


28. Genna XENOPSTLLA Glinkewies. 1907 

Frontal tubercle wanting. Eye present. Iiabial palpus com- 
posed of four segments. Genal process almost completely clos- 
ing antennal groove. Anterior angle of genal edge of head not 
produced into a triangular lobe. No comb on head. Club of 
antennse short, distinctly segmented only on posterior side. 
Ocular row composed of two bristles, ocular bristle in front of 
eye. First and second occipital rows represented by one bristle 
or first row lacking. Pronotal comb lacking. Mesosternite 
with two sclerotized incrassations extending from insertion of 
coxa forwards and upwards. Hind coxa with spinelets on In- 
ner side. Fifth tarsal segment with four lateral pairs of 
plantar bristles besides subapical hair. 

Male . — Clasper without large flap present In PtUex. Manu- 
brium narrow. Upper internal portion of 9s not very sharply 
defined. 

Female . — ^Head of spermatheca globular, base of tail not 
sharply defined. 


n. XBNOP8TLI.A CHBOPI8 <B*thicliU4. ItM). T«xt 114 te Itf. 

Labial palpus reaching to apex oi fore coxa. Dorsal incraik 
sation of occiput with even contour. Episternum and sternum 



Flo. 124. head. 

(After BothMblUL) 


of metathorax separated by a 
vertical rodlike incrassation. 
Longest apical bristle of sec- 
ond hind tarsal segment 
reaching to middle of fifth 
segment. Antepygidial bris- 
tle not on a conelike process. 

Male . — Upper margin of 
clasper slightly convex, lower 
margin slightly concave. 
Fingers two; one narrow and 
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more or less straight, the other rdatively broad and asym> 
metrical. Posterior arm of 9s club-shaped, gradually widening 
towards apex. 

Female . — Stylet short. Head of spermatheca globular, tail 
long and strongly curved, wider at base than at head. 



Fio. IW. XenopityUa chcopiB, male. (After Jordan and Rothachild.) 


29. Genux PULEX Linnaeus, 1758 



Frontal tubercle absent. 
Eye present. Labial palpus 
4-jointed. Club of antenna 
short, distinctly segmented 
only on posterior side. An- 
tennal groove closed behind. 
Ocular bristle lower than eye. 
Except for an ocular row and 
an occipital apical row, there 
is no bristle on head. Man- 
dibles broad, short, densely 
serrate. Pronotum without 
comb. Mesosternite very 
narrow, with but one oblique 
rodlike incrassation extend- 
ing from insertion of coxa 
forward to lower anterior 


Fin. 126, eheopin, 

Jordan and Rothschild.) 


<Aft«r margin. Hind coxa with a 
patch of spinelets. Fifth 
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tarsal segment with four pairs of lateral plantar bristles. Only 
one antepygidial bristle on each side. Clasper of male with two 
fingers of pincerlike formation covered by a third process in 
form of a large hairy flap. 

n. PVLBX IKRITANS LbiiuMU. 17S«. Tnt flgt. 12T t« 12». 

Eyes large Labial palpus reaching to about half length of 
fore coxa. An ocular row of two bristles. Occiput with an 



apical row of three bristles. Hind femur with a lateral row 
of seven or more bristles on inside. Fifth hind tarsal segment 
longer than second. 



FlQ. 129. PhIbw irritants 
ftmale* (After Fox.) 


Male . — Sensory plate very short. Two 
strongly sclerotized processes forming a pair 
of pincers on inside of large flap. Manu- 
brium with a rounded apex. 9s consist- 
ing of two straight arms of nearly equal 
width. 

Female , — Dorsal edge of projecting 
above sensory plate. Spermatheca with 
globular head and slender tail of nearly 
equal width. 


Family HECTOPSYLLID.® Baker, 1904 

Head without genal comb. Eyes present. Vertical suture 
between bases of antennal grooves absent or rudimentary. Pre- 
oral flaps wanting. Thoracic segments strongly shortened, their 
tergites together shorter than first abdominal tergite. Pronotal 
comb absent. Abdomen without combs. Antepygidial bristles 
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absent. Clasper of male with two movable fingers. Abdomen 
of gravid female exceedingly distended, provided with only one 
seminal receptacle. 

Key to the eubfamiliee of HeetopaylUdm. 

1. Hind coxa odth a crowded patch of ahort aplneleta on inside. Second 
and third abdominal segments provided with spiracles. 

ECatDNOFHAOlNiB. 

Hind coxa without a patch of spinelets. Second and third abdominal 
segments of female with vestigial spiracles or without spiracles. 

SABCOPSYIXINiB. 

Subfamily ECHIDNOPHAGIN.® Wagner, 1027 

Hind coxa with a thickly studded patch of short spinelets on 
inner surface. Second and third abdominal segments provided 
with a stigma. 

30. Genus ECHIDNOPHAGA Oliff, 1886 

Labial palpus 1-segmented. Head angulate in front, divided 
by a groove or an internal thickening from antennal groove 
upwards. Hind coxa anteriorly produced at apex into a broad 
tooth, bearing a patch of spinelets on inner side. Hind femur 
simple. Second to seventh abdominal segments with a stigma 
in both sexes. Anal segment of female with stylet. 

74. ECHIDNOPHAGA GALLINACEA (Wwtwood, 187S). Tmt Set. ISS Md 191. 


Anterior margin of front vertical, forming obtuse angles 
above and below. Gena with a tooth which is rounded at apex. 



FiO. 180. Echidvo,>lui0a gallinaccn, f.^runU*, heud. PlO, 181. Eohidnophapa uallina- 


(After loff ttud Arsryropulo.) fenuU*. (After Fox.) 

Eyes larger, situated slightly near lower genal margin. Hind 
margin of head with a small lateral lobe, width of lobe con- 
siderably longer than length. Genal process more or los.s pointed 
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«t ftpex, usually not projecting beyond hind margin of head. 
Apex of mandible reaching to one-third or one-half of length 
of fore femur. Fifth tarsal segment provided with four pairs 
of lateral plantar bristles (fourth pair less developed than three 
other pairs) and, in addition, two ventral apical plantar bristles. 

Subilamlly SARCOPSYLLIN/C Wagner, 1027 

Hind coxa without a patch of short spinelets on inner surface. 
Abdominal stigmata much reduced in size, obliterated on second 
and third segments of female. 

81. Genas DERMATOPHILUS Guerin, 1838 

The absence of a patch of spinelets on the inside of the hind 
coxa and of the toothlike projection near the base of the hind 
femur suffice to distinguish DermatophUus from the genera of 
the other two subfamilies. Other generic characters are as 
follows : Front produced into an angular tubercle along anterior 
margin. I<abial palpus composed of one segment. Prostemite 
not produced posteriorly into a distinct conical tooth. Tibia 
with three pairs of dorsal bristles. Tarsi very slender, some of 
apical bristles on second, third, and fourth hind tarsal segments 
very long and thin ; fifth tarsal segment linear, about eight times 
as long as broad, with a few long and thin hairs. Claws slender, 
without basal projection. Female without anal stylet and with- 
out stigma on second and third abdominal tergites. 

T(. DEKMATOPHtLUS CJECIGKNA t* KotlwcklM. 1 » 2 I). Tnt flr. lU. 

Female. — Ovoid, tough-skinned, con- 
tracted posteriorly into a short, tail- 
like process which exhibits sclerotized 
structures at tip. Largest specimen 
8.5 millimeters long and 6 millimeters 
broad. Head similar to that of D. 
csecata, except that the genal edge is 
somewhat more rounded and the area 
between the antennal groove and 
mouth parts is of more even width. 
Fourth joint of maxillary palpus twice 
as long as second, and last two joints 
as wide as others. Anterior extrem- 
ity of abdomen produced into four 
rounded lobes, which almost conceal 
minute head, thorax, and limbs of the 
insect. 



PVo. 1S2. OtrmaiophUvM 

(After Jordan and 
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Table 3. — Mammalian hosts of Chinese fleas — Continued. 
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Tabu: 3 . — Mammalian hotU of Chinese fleas — Continiied 




FveSky Leporid«. 

i Cm-oiopktaua Uencept tOobH Wtfs«r. 

FrontoftOa Mrra 

Paradoxoptifihu e on tt nitnM Wsgmnr — 
OrfoMaytu tumeulut vat. dcnneatiau ; Pale* <m<an« Onn. 
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ILLUSTRATIONS 

TEXT FIQtJBlS 

Fio. 1. Head and thorax of a flea. 

2. Modified aegrments of a male fiea. 

8. Modified sesrments of a female flea. 

4. Ceratophyllus (Ceratophyllus) gallinm, male. (After Jordan and 
Rothschild.) 

6. CeratophylliLS (Ceratophyllus) gallinm, female. (After Jordan and 
Rothschild.) 

6. Ceratophyllus (Ceratophyllus) sitiieus, female. (After Jordan.) 

7. Ceratophyllus (Monopeyllus) anisus, male. (After Jordan.) 

8. Monopsyllus (Monopsyllue) anisus, female. (After Jordan.) 

9. Ceratophyllus (Nosopsyllus) faseiatus, male» variations of clasper, 

process, and finsrers. (After Jordan and Rothschild.) 

10. Ceratophyllus (Nosopsyllus) fasdatus, female, variations of seventh 

sternite and spermatotheca, (After Jordan and Rothschild.) 

11. Ceratophyllus (Gerhillophilus) Usvioeps Imvicepa, male. (After 

Wairnar.) 

12. Ceratophyllus (Callopsylla) kozlovi, male. (After Wagner.) 

13. Ceratophyllus (Callopsylla) dolabris, male. (After Jordan and 

Rothschild.) 

14. Ceratophyllus (Callopsylla) dolahris, female. (After Jordan and 

Rothschild.) 

15. Ceratophyllus (Callopsylla) kasnakovi, male. (After loff.) 

16. Ceratophyllus (Citellophilus) tesquorum mongolicus, male. (After 

Jordan and Rothschild.) 

17. Ceratophyllus (Citellophilus) tesquorum sungaHs, male, variations. 

(After Jordan.) 

18. Ceratophyllus (Citellophilus) tesquorum famulus ^ female. (After 

Jordan and Rothschild.) 

19. Ceratophyllus ( ?) phmopsis, female. (After Jordan and Rothschild.) 

20. Ceratophyllus (?) sparsilis, female. (After Jordan and Rothschild.) 

21. Diamanus mandarinus, male. (After Jordan and Rothschild.) 

22. Diamanus mandarinus, female. (After Jordan and Rothschild.) 
28. Diamanus montanvs montanus, male. (Author’s drawing.) 

24. Diamanus montanus montanus, female. (Author’s drawing.) 

25. Oropsylla silantieufi silantiewi, male, variations. (A and B, author’s 

drawings; C, after Wagner.) 

26. Oropsylla sUantieun silantiewi, female. (Author’s drawing.) 

27. Oropsylla silantiewi erassus, female. (After Jordan and Roth- 

schild.) 

28. OropsyUa elana, female. (After Jordan.) 

89. AmphaUus runatus, male. (After Jordan and Rothschild.) 
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FXG. 80. Amphaliua clarue, male. (After Jordan and Rothschild.) 

81. Amphaliua elarua, female. (AJTter Jordan and Rothschild.) 

32. Paraceraa oriapua, male. (After Jordan and Rothschild.) 

38. Paraceraa erispua, female. (After Jordan and Rothschild.) 

34. Paraceraa sinensis, female. (Author’s drawing.) 

85. Neoceratophyllus triapinoaua sp. nov., male. (Author’s drawing.) 

86. Neoceratophyllus triapinoaua sp. nov., female. (Author’s drawing.) 
37. Aceratophyllua eutelea, male. (After Jordan.) 

88. Aceratophyllua euielea, female. (After Jordan and Rothschild.) 

89. Paradoxopayllus curviapinua, male, variations. (A, after Miyajima 

and Koidzumi; B, after Rothschild.) 

40. Paradoxopayllus curviapinus, female. (After Rothschild.) 

41. Paradoxopayllus cuatodia, male. (After Jordan.) 

42. Paradoxopayllus cuatodia, female. (After Jordan.) 

48. Ophthalmopaylla prmfcctua pemix, male. (After Jordan.) 

44. Ophthalmopaylla pnefeetua pemix, female. (After Jordan.) 

45. Ophthalmopaylla kukuachkini, male. (After loff.) 

46. Ophthalmopaylla jettmari, male. (After Jordan.) 

47. Ophthalmopaylla jettmari, female. (After Jordan.) 

48. Ophthalmopaylla kiritachenkoi, female. (After Wagner.) 

49. Frontopaylla elata botia, male. (After Jordan.) 

50. Frontopaylla elata botia, female. (After Jordan.) 

61. Frontopaylla luculenta luculenta, male. (After Jordan and Roth- 

schild.) 

62. Frontopaylla luculenta luculenta, female. (After Jordan and Roth<^ 

schild.) 

68, Frontopaylla luculenta pamlia, male. (After Jordan.) 

54. Frontopaylla wagneH, male. (After loff.) 

55. Frontopaylla wagneri, female, variations of seventh sternite. (Af- 

ter loff.) 

56. Frontopaylla hetera, female. (After Wagner.) 

67. Frontopaylla spadix spadix, female. (After Jordan and Roth- 

schild.) 

68. Froyitopaylla spadix canaa, male. (After Jordan.) 

69. Frontopaylla spadix canaa, female, variations of seventh stemits. 

(After Jordan.) 

60. Geusibia toroaa, male. (After Jordan.) 

61. Geusibia toroaa, female. (After Jordan.) 

62. Ampkipsylla tuta, male, (After Wagner.) 

68. Ampkipsylla aspalacia, male. (After Jordan.) 

64. Ampkipsylla aspalacia, female. (After Jordan.) 

66. Amphipaylla caaia, male. (After Jordan and Rothschild.) 

66. Ampkipsylla caaia, female. (After Jordan and Rothschild.) 

67. Amphipaylla mitis, male. (After Jordan.) 

68. Amphipaylla mitis, female. (After Jordan.) 

69. Amphipaylla vinogradovi, male. (After loff.) 

70. Amphipaylla vinogradovi, female, variations of seventh sternite. 

(After loflr.) 

71. Ctenophthalmua pareua, male. (After Jordan.) 

72. Ctenophthalmua parous, female, variations of seventh sternite. 

(After Jordan.) 
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FlO. 78. CtenophthalmnB yunnanus, malo* (After Jordan.) 

74. CtenophthihrvM dinormua, female. (After Jordan.) 

75. Steniechia mirabilU, female. (After Jordan.) 

76. Reetofrontia dahurica, male. (After Jordan and Rothschild.) 

77. Bectofrontia teneUa, male. (After Jordan.) 

78. Reetofrontia tenella, female. (After Jordan.) 

79. RBCtofrontia dives, male. (After Jordan.) 

80. Reetofrontia dives, female. (After Jordan.) 

81. Reetofrontia jaonis, female. (After Jordan.) 

82. Reetofrontia insolita, male. (After Jordan.) 

88. Reetofrontia insolita, female. (After Jordan.) 

84. Reetofrontia aecola, male. (After Wagner.) 

85. Reetofrontia vicina, male. (After Wagner.) 

86. Stenoponia ooelestis, female, head. (After Jordan and Rothschild.) 

87. Stenoponia ealestis, female. (After Jordan and Rothschild.) 

88. Palmopsylla remota, female. (After Jordan.) 

89. Ctenopayllus segnis, female, head. (After Rothschild.) 

90. Ctenapsyllns segnis, female, spermatheca. (After Fox.) 

91. Pectinoetenus adalis, male. (After Jordan.) 

92. Neopsylla bidentatiformis, male, head. (Author’s drawing.) 

98. Neopsylla bidentatiformis, male. (Author’s drawing.) 

94. Neopsylla bidentatiformis, female* (Author’s drawing.) 

95. Neopsylla anoma, male. (After Rothschild.) 

96* Neopsylla anoma, female. (After Rothschild.) 

97. Neopsylla aliena, male. (After Jordan and Rothschild.) 

98. Neopsyla aliena, female. (After Jordan and Rothschild.) 

99. Neopsyla compar, female. (After Jordan and Rothschild.) 

100. Neopsylla stevensi, male. (After Rothschild.) 

101. Neopsylla stevensi, female. (After Rothschild.) 

102. Neopsylla specialis, male. (After Jordan.) 

103. Neopsylla honora, male, (After Jordan.) 

104. Jschnopsyllus comans, male, head. (After Jordan and Rothschild.) 

105. Ischnopsyllus comans, male. (After Jordan and Rothschild.) 

106. IschnopsylhiB comans, female. (After Jordan and Rothschild.) 

107. Ischnopsyllus ncedhamia, male. (Author’s drawing.) 

108. Ischnopsyllus ncedhamia, female. (Author’s drawing.) 

109. Ischnopsyllus tateishii, male. (Author’s drawing.) 

110. Ischnopsyllus tateishii, female. (Author’s drawing.) 

111. Myodopsylla triseAlis, male. (After Jordan.) 

112. Myodopsylla triselHs, female. (After Jordan.) 

113. Nyeteridopsylla galba, male, part of head, (After Dampf.) 

114. Nyeteridopsylla galba, male. (Author’s drawing.) 

115. Chtetopsylla hangchowensis sp. nov., male, head. (Author’s draw- 

ing.) 

116. ChBtopaylla hangchowensis sp. nov., male. (Author’s drawing.) 

117. Ckmtopsylla hangchowensis sp. nov., female. (Author's drawing.) 

118. Ctenoeephalides canis, female, hea(L (After Rothschild.) 

119. Ctenoeephalides canis, male. (After Rothschild.) 

120. Ctenoeephalides felis, female, head. (After Rothschild.) 

121. Ctenoeephalides felis, male, (After Rothschild.) 

122. Archmopsylla sinensis, male. (After Jordan and Rothschild.) 
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Fio. 128. Arehmopaytta akunaia, Unmla. (Aft«r Jordm aad llothaddM.) 
184. XanopayUa ehaopta, fanato, hwd. (After BotibaehUd.) 

128. Xenopaylla ehaopia, male. (After Jordan and BothadiUd.) 

186. Xanopaylla eheai^, female. (After Jordan and Bothaehild.) 

127. PuUx irritant, male, head. (After Fox.) 

128. PuUx irrttana, male. (After Fox.) 

129. PuUx irritana, female. (After Fox.) 

180. Eehidnophapa gattkitaeaa, female, head. (After loff and Axgfro- 

polo.) 

181. Echidnophaga gaUhtaeaa, female. (After Fox.) 

182. Dermatopkilua ojaeigana, female, head. (After Jordan and Rothr 

Bchild.) 
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Of the various fermentation processes the production of aod> 
tone and normal butanol probably ranks second only to the 
yeast-alcohol industry in commercial importance, due to the fact 
that these two chemicals or their derivatives are used extensively 
as solvents, especially for the manufacture of lacquers, paints, 
varnishes, dopes, and explosives ; as raw materials for the prep- 
aration of esters, perfumes, and pharmaceuticals; and as blend- 
ing agents or stabilizers for composite motor fuels. 

In the United States corn has generally been employed for 
the production of acetone and normal butanol. Lately, due to 
a tendency for the price of this cereal to go up as a result of 
crop reduction programs, investigators have been occupied in 
the search for cheaper raw materials. Recently Underkofler, 
Fulmer, and Rayman(8) indicated the possibility of employing 
xylose as a source of solvents. 

In the Philippines there are a number of minor agricultural 
crops, such as the different kinds of tubers, which are rich in 
starch. If it can be shown that some of these can be used 
profitably as raw materials for the manufacture of industrial 
chemicals and other useful products, some of the farmers may 
be encouraged to grow them on a large scale, thus providing 
one of the possible inducements for the raising of diversified 
crops. 
tasM 
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It appears from available literature that cassava (Manihot 
utilissima Pohl) is one of the few amylaceous materials that 
have not been employed for the production of acetone and 
normal butanol. At least cassava is not mentioned specifically 
as a source of solvents by Sm3^h and Obold.(6) In the case of 
molasses, a number of procedures have been described regard- 
ing its utilization in the butyl-acetonic fermentation process; 
but, according to Owen, (4) many of these procedures have not 
been successful from a commercial standpoint. 

MATERIALS AND METHODS 

Bacterial culture. — The original organism was isolated from 
rice field soil in October, 1937, according to the method of 
Weyer and Rettger.(iO) It agrees in its cultural and morpho- 
logical characteristics with two strains of Clostridium aceto- 
butylicum (Weizmann) which were kindly furnished by Prof. 
E. B. Fred, of the University of Wisconsin, whose courtesy 
we wish gratefully to acknowledge. It was kept as a spore cul- 
ture in soil and handled in the usual manner, 6.3 per cent sterile 
com mash ’ being used as stock medium for the cultures and 
control fermentation tests. 

It was observed in the beginning that, although the organism 
fermented corn mash vigorously with good yields of solvents, 
it was unable to utilize completely either the cassava or molasses, 
in spite of the presence of what were later found to be ade- 
quate nutrients. This difficulty was overcome by gradually ac- 
climatizing it to grow in the presence of these materials through 
repeated subculturing, sporulation, and “heat-shocking,” as 
practiced by Underkofler, Christensen, and Fulmer.(7) By this 
method we were able to develop two substrains, one of which 
was especially adopted for cassava and the other for molasses. 

Preparation of mashes. — The cassava material used is known 
as “gaplex,” and consists of dried sliced tubers of the plant. 
It was ground into a powder, and its starch content and the sugar 
content of the molasses determined according to the methods 
of the Association of Official Agricultural Chemists (1935). 
Unless otherwise stated, the mashes were prepared in such con- 
centrations that their total carbohydrate contents were equiv- 
alent to 4 per cent starch. These mashes were sterilized in an 
autoclave for Z hours at 15 pounds pressure. After sterilization 
they were cooled in running water and inoculated at once, 6 cc 

‘At this concentration the com mash contained 4 per cent starch. Ex- 
pressed in terms of dextrose, the carbohydrate content was (4 0.9 = ) 

4.44 per cent. 
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of an active bacterial culture being used per 100 cc of mash. 
The fermentations were carried out aerobically at 37® C. In 
order to minimize any loss of solvents through evaporation, the 
mouths of the flasks or bottles used in the fermentation ex- 
periments were covered with cellophane tied with rubber bands. 

Analytical methods. — The total acidity is expressed in terms 
of the number of cc of 0.1 normal sodium hydroxide solution 
required to neutralize 10 cc of the medium, with phenolphthalein 
as indicator. The acetone was determined according^to Good- 
win’s(8) modification of Messinger's method, and the normal 
butyl and ethyl alcohols according to the oxidation methods of 
Christensen and Fulmer.(i) 

The solvent yields are given either in grams per 100 cc of 
culture or in terms of the dextrose equivalent of the total car- 
bohydrate in the medium. In the latter case the following 
calculation will serve as an example: When 5 grams of solvents 
were obtained from a medium with a total carbohydrate con- 
tent etiuivalent to 20 grams of dextrose, the yield was 26 per 
cent. 

EXPERIMENTAL 

Fermentation of mashes supplemented with com meal . — ^Our 
early experiments demonstrated that mashes prepared from 
either cassava or molasses alone cannot support healthy bac- 
terial growth, due to lack of adequate nutrients. For this 
reason it was necessary to supplement them with materials that 
are known to be rich in nutrients. In one series of tests pat- 
terned after those of Underkofler, Christensen, and Fulmer,(7) 
the mashes were mixed with varying amounts of com mash, 
the object being to determine the maximum quantity of cassava 
or molasses that can be utilized to substitute the corn meal 
without lowering the yield of -solvents. The results are pre- 
sented in Table 1. 

The data show that cassava can be employed to replace as 
much as 90 per cent, and molasses only 60 per cent, of the 
corn meal without diminishing the production of solvents. In 
other words, the addition of about 0.6 gram of corn meal per 
100 cc of cassava mash containing 4 per cent starch will supply 
sufficient nutrients to support the healthy growth of the ace- 
tone butyl alcohol organism. In the case of molasses, about 
four times as much more corn meal had to be added, but even 
then the fermentation has not always been satisfactory. 
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Tabu l.~-^ermentation of maahM mixed with earn meal. 


Corn aoBAl replAMd. 


rvQt yldd* 
int of 
41ulvml«Qt. 

MoImm*. 

Per eeni. 



0. 

35.7 

85.4 

10 

36.1 

84.9 

20 - 

86.8 

86.8 

80 

86.0 

84.8 

40 

86.0 

84.7 

60 * 

86.8 

85.0 

60 

86.8 

85.8 

70 - 

85.9 

83.8 

80 - 

86.0 

28.0 

90 - - 

85.0 

13.8 

100 

28.8 

5.8 
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Fermentation of mashes supplemented with soybean . — The 
use of soybean as a source of nutrients was suggested by its 
high protein content and by the recent work of Weizmann and 
Rosenfeld,®(») who reported that legumes in general are good 
sources of asparagine and a substance known as “activator,” 
these two compounds, according to the authors, being required 
for a normal butanol-acetone fermentation. The beans were 
powdered and mixed with the mashes in varying amounts. The 
results are given in Table 2. 


Table 2. — Fermentation of mashes mixed with soybean. 


Soybwn addod. 

Total solvent yield, 
per cent of 
deztroee equivalent. 

Ceosava 

(gaplex). 

1 

Molaewa. 

1 

g. 

0 

18.8 

88.1 

84.7 
86.1 
86.0 

86.4 
86.1 

86.8 

85.4 

8.9 

19.4 
22.8 
86.8 

85.8 
86.6 

84.9 
85.6 

83.4 

0.8 

0.8- 

0.4 

0.6- 

0.7 

0.9- 

1.0 

1.8- 



•Later our attention was called to the work of Corbett<2) who utiliased 
mixtures of tun^eed meal, soybean and (or) peanut meal for the produc- 
tion of solvents* In some of our experiments we employed powdered 
mon^o seeds in place of the soybean with satisfactory results. 
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According to the data, at least 0.4 gram of soybean powder 
is required to famish the necessary nutrients for the fermenta' 
tion of both cassava and molasses mashes, the carbohydrate 
contents of which are equivalent to 4 per cent starch. If more 
concentrated mashes are to be fermented, the quantity of soy- 
bean should be increased in direct proportion to the amount of 
carbohydrate present to obtain good solvent yields. 

Soybean has been found to be a better source of nutrients 
than com. It is more economical to use and in our hands it 
has given more uniformly satisfactory results than com. The 
procedure is very simple, and for fermenting molasses it is be- 
lieved to be less costly than the Arroyo process, even as modified 
by Owen. (4) 

Chemical changes during fermentation . — In this experiment 
2,000 cc each of soybean-cassava and soybean-molasses mixtures 
were placed in a separate flask and sterilized. Immediately 
after inoculation and at certain intervals thereafter, aliquot 
portions were removed, with aseptic precautions, for chemical 
analyses. The object was to determine the duration of the fer- 
mentation period and the nature of the chemical changes which 
take place during the process. 

The data presented in Table 8 show that, insofar as the 
maximum production of solvents is concerned, the fermentation 
is complete after 69 hours in the case of cassava and after 
98 hours in the case of molasses. These figures represent the 
maximum periods required for the fermentation of these two 
materials, for in other sets of experiments the fermentations 
were carried through in much less time. The chemical changes 
were quite similar to those observed by Peterson and Fred (5) 
and other investigators during the fermentation of com ; 
namely, much gas formation, the rapid rise and sudden fall 
in the acidity of the medium, formation of a “head” due to 
the buoying up of insoluble particles in the medium by the 
escaping gas bubbles, the subsequent falling of the “head” to 
the bottom of the container towards the end of the fermenta- 
tion and its partial disintegration, the production of solvents, 
and the secondary rise in the acidity of the medium. The yield 
of total solvents from either cassava or molasses ranged from 
84 to 88 per cent of the dextrose equivalent of the carbohydrate 
content of the mash and had an average composition of ap- 
proximately 31 per cent of acetone, 68 per cent of norma! 
butanol, and 11 per cent of ethyl alcohol. 
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Tabub 3 . — Chemieal changee during fermentatiotu 



Yield of eolvanta per 100 ec of medium. 

Hourt after 
inoculation. 

Caaeava (traplex). 



Molaaiea. 

Total 

acid- 

ity. 

Ace- 

tone. 

N-butyl 

hSl.” 

Ethyl 

alco- 

hol. 

Total 

•ol- 

venta. 

Total 

acid- 

ity. 

Ace- 

tone. 

N-butyl 

alco- 

hol. 

Ethyl 

alco- 

hol. 

Total 1 
aolventaJ 


rr. 


17. 


17 . 

cc. 

9- 

V- 

17. 


0 

0.5 





1.6 





4- 

0.7 





1.8 


~ 



21 

4 S 

0 016 




6.8 

0.108 

0.220 

0.030 

0.8S8 

28 1 

5.6 

0.017 




7 0 

0.124 

0.192 

0.065 

0.371 

44 J 

3 3 

0.376 

0.733 

0.160 

1.268 

6.4 

0 17H 

0.326 

0.089 

0.692 

i 

4.G j 

0.462 

0 843 

0.174 

1.479 ! 

8.7 

0.391 

0.800 

0.126 

1.317 

69... . ! 

4 6 

0 485 

0.952 

0.146 

1.683 i 

3.2 ! 

0.470 ! 

0.943 

0. 148 

1.661 

93 i 

4.7 , 

0.470 ! 

0.904 

0.180 1 

1.664 1 

8.5 

0 493 

0 997 

0 179 

1.669 

117 I 

4.7 ■' 

0,426 

0.912 

0.150 

1 488 j 

4.5 ' 

0.468 : 

0 982 

0.147 

1.697 

140 

4 6 { 

0 H92 

0.887 

0.148 

1 

1 1.427 1 

I 1 

4.4 i 

1 

0.414 

0 947 

0.133 

1.494 


Yield of solvents from mashes of different concentrations . — 
In this experiment mashes of different concentrations were fer- 
mented under conditions as uniform as possible for the entire 
lot. The object was to determine the optimum carbohydrate 
concentration of the mashes which will give maximum yields 
of solvents. 

The data given in Table 4 show that the highest yields of 
solvents per sugar unit were obtained from mashes with carbo- 
hydrate contents equivalent to between 4.06 and 6.66 grams of 
dextrose per 100 cc of medium. Of these, mashes 3 to 7, which 
contained from 4.06 to 5.27 per cent dextrose, gave slightly 
higher yields per sugar unit than mash 8. The concentration 
of the solvents in the beers, however, was lower, so that the 
amount of solvents per 100 cc of medium was actually smaller 
than that in mash 8. Dilute beers are disadvantageous to 
handle in the commercial production of solvents, because they 
necessitate larger distillation space. For this reason it is more 
economical to work with a more concentrated mash, as repre- 
sented by mash 8. The latter can be easily prepared from 
molasses, but unfortunately not from cassava. The most con- 
centrated cassava mash that we have used had a starch content 
equivalent to 6.23 per cent dextrose. If prepared in more con- 
centrated form, the resulting mash would be too thick in con- 
sistency and difficult to handle. 

The maximum amount of total solvents obtained from mash 8 
was 2.040 grams per 100 cc of medium. Mashes 9 to 13, which 
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70,1 


Table i^Ytelde of total $olvmU8 from ma$ke8 of different ooncentratione 
(soybean^ being used aa the eource of nutrients). 



MMb. 

Carbohy> 
drate content 
aa dextrose 
per 100 ec of 
medium. 

Total solvent yield. 

Numbor. 

CfMiatituont. 

Grams 
per 100 cc of 
medium. 

Dextrose 

ecruivalent. 

1 



0- 


Per c#n(. 

1 

moUuMM 

8.60 

1.240 

85.4 

2 


8.72 

1.861 

86.8 

8 - . 


4.06 

1.608 

87.1 

4- 


4. 86 

1.614 

87.0 

s 

, ...do 

4.66 

1 728 

87.0 

6 

do 

6.02 

1.849 

86.8 

7 . 

.do,*.. . - - 

' 6.27 

1.969 

87.4 

8 

. . do . 

1 6.66 

2.040 

86.7 

9 

[.. . . do.-.- - . 

1 

1 1.984 

88.8 

10 

. . do... . ... 

1 6.16 

1 2.032 

88.0 

11 

- do 

j V • ^ -IT 

1 6.61 

; 1.900 

28.7 

12 . 

1 do 

’ 7.27 

1.899 

1 26.1 

18 

. ..do. ... 

7.93 

1 2.036 

26.6 

14 ! 

' gaplox 

3.38 

1.267 

37.6' 

16 

i... .do 

! 8.80 

' 1.429 

I 37.6 

: 16 ....! 

do. . 

j 4.86 

1 650 

1 87.8 

17 ! 

do 

: 4 79 

I 1 817 

1 88.0 

1 18 1 

do 

1 6.23 

! 1.966 

! 37.6 

L, 


1 



had sugar contents higher than 5.66 per cent, did not yield 
larger amounts of solvents, probably due to the inability of the 
vegetative phase of the butyl organism to withstand the presence 
of solvents in quantities much greater than 2 grams per 100 cc 
of medium. In other words, the fermentation process stops 
when the concentration of the fermentation products in the 
mash has reached a certain limit. 

SUMMARY AND CONCLUSIONS 

1. A strain of Clostridium acetobutylicum (Weizmann), which 
was isolated from rice field soil, was used as the fermenting 
agent. 

2. Mashes prepared from either cassava or molasses alone 
cannot maintain the normal growth of the acetone-butyl alcohol 
organism, due to lack of adequate nutrients. For this reason 
it is necessary to supplement them with materials, such aa corn 
meal or soybean powder, which are rich in nutrients. 

3. Soy bean is better than corn as a source of nutrients. The 
addition of at lea.st 0,4 gram of soybean powder to every 100 
cc of mash with a carbohydrate content equivalent to 4 per 
cent starch will furnish the necessary nutrients for the fermen- 
tation of either cassava or molasses. The procedure is simple 
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and is believed to possess a slight advantage over the Arroyo 
process for the production of solvents from molasses. 

4. The ability of Clostridium acetobutylicum to utilize cassava 
and molasses can be increased by gradually acclimatizing it 
to grow in the presence of these substances through repeated 
subculturing, sporulation, and heat-shocking. 

5. With the use of derived cultures, the fermentations are 
complete after a period not exceeding 69 hours in the case of 
cassava-soybean mixtures and 93 hours in the case of molasses- 
soybean mixtures. 

6. The yield of total solvents is from 84 to 38 per cent of 
the dextrose equivalent of the carbohydrate content of the mash 
and has an average composition of approximately 31 per cent 
acetone, 58 per cent normal butanol, and 11 per cent ethyl 
alcohol. The average yield from 1 kilo of cassava (gaplex) is 
0.8 lb. and from 1 gallon of molasses 2.5 lbs. of total solvents. 

7. Mashes with carbohydrate contents equivalent to between 
4.06 to 6.56 grams of dextrose per 100 cc of mash give the 
highest yields of solvents per sugar unit. At the optimum sugar 
concentration of 5.66 per cent, the maximum yield is 2.040 
grams of total solvents per 100 cc of mash. Mashes with higher 
carbohydrate contents do not yield larger amounts of solvents, 
due probably to the inability of the vegetative phase of the 
butyl organism to withstand the presence of solvents at higher 
concentrations. 
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PHOSPHORUS STUDIES ON PHILIPPINE SOILS, I 

THE READILY AVAILABLE PHOSPHORUS OP SOILS AS DETERMINED 
BY THE TRUOG METHOD ' 

By Ricardo T. Marfcai* 

Of the Divurion of Soil Survey, Department of Agriculture and Commerce 

Manila 

Various rapid chemical tests that are a distinct aid in as- 
certaining the state of fertility of soils have been developed in 
different parts of the world. But the wide variation in soils, 
climate, and other crop requirements limits the application of 
such rapid tests to regions or localities where these tests have 
been well standardized against field results. No single test that 
has proven useful in estimating the fertilizer requirements of 
certain crops in a certain region can claim reliability for all 
crops in all kinds of soils. (13) 

Harper(6) reported that the Truog method(i6) for determin- 
ing the easily soluble phosphorus content of soils gave a fairly 
good correlation with the response of eight farm crops to phos- 
phorus fertilization on eighty-three soils from different parts 
of the United States. 

Sadasivan and SreenivasandZ) found that among well-known 
methods of determining phosphate availability in soils, the Truog 
method gave the highest percentage of extraction of soluble 
phosphate added to a certain Indian rice clay soil. The other 
extractants used in comparison with Truog’s 0.002^ sulphuric 
acid were : Dyer’s 1 per cent citric acid, Frap’s 0.2V nitric acid, 
Das’s 1 per cent potassium carbonate, and Egner’s calcium lac- 
tate-hydrochloric acid. 

Anderson and Noble,(i) in comparing various quick chemical 
tests as employed independently by two analysts on different 

^ Read at the Fifth Philippine Science Convention, Manila, February 22, 
1939. 

* The writer wishes to express his appreciation of the helpful suggestions 
and criticisms given by Dr. Marcos M. Alicante, Chief of the Division of 
Soil Survey. Acknowledgment is also made of the writer’s indebtedness 
to Mr. Rufino Isidro, of the same Division, in charge of the field experiments, 
for supplying the soil samples and the field data from the rice fertilizer 
experiments. 
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soils, found that the personal factor which caused poor agree> 
ment in results was greater in some cases than in others. Of 
the ten different procedures used for phosphorus availability, 
namely, the Simplex, the Emerson, the Sudbury, the Lamotte, 
the Hellige, the Indiana, the Hi-Lo-Fosfate, the Morgan, the 
Truog, and the alkaline-extraction methods, the Truog method 
was the only one that was not affected appreciably by the 
personal factor. 

Several other investigators (4, 5, 7, 9, n, et al.) working on 
the availability of phosphorus in soils in different parts of the 
United States have used the Truog test and obtained satisfac- 
tory results with it. 

In view of this apparent accuracy and usefulness of the Truog 
test, it was considered worth applying on Philippine soils in 
which there is an imperative need for well-standardized rapid 
chemical tests as an aid in determining their fertilizer require- 
ments. 

EXP£»IMENTAL 

In this investigation the Truog test was carried out on com- 
posite soil samples from the experimental plots of several fer- 
tilizer experiments on rice, conducted in different provinces of 
Luzon. The object was to compare the response of rice to phos- 
phatic fertilization or the field behavior of the soil, and the 
readily available phosphorus content of the soil on which the 
crop was grown. 

Ihe soil samples from the experimental plots were also ana- 
lyzed for their pH values, total iron and aluminum oxides, cal- 
cium oxides, and phosphoric anhydride contents, to find if there 
is any relation between the chemical composition of soil and its 
readily available phosphorus content. 

The reaction or the pH value of the soil must be known before 
the test is made, because the Truog method or any other method 
that makes use of an acid extractant does not apply to calcareous 
soils. The findings of Harper, Heck, Ford, and many other in- 
vestigators show that the relative abundance of iron, aluminum, 
and calcium in the soil greatly affect the availability or solubility 
of soil phosphorus. 

Four representative samptes of each of different soil types 
where rice is grown were analyzed for their pH values, total 
CaO, total PsOb, and available phosphorus contents, for addi- 
tional data on the relationship of the composition of the soil 
to its available phosphorus content. Reputedly fertile virgin 



i«,i Marfori: Phosphorus in Philippine Sods, I 135 

soils from different places in the Islands were also analyzed for 
comparison. 

The method for determining the readily available phosphorus 
of soils as recommended by Truog was used with certain 
modifications. For a detailed discussion of the method the 
reader is referred to the paper of Truog and Meyer. (16) 
Briefly, the procedure employed in this investigation was as 
follows : 

Two grams of the finely ground soil, passing a sieve with 
circular openings 0.5 mm in diameter, and 400 cc of 0.002A’^ 
sulfuric acid, buffered to pH 3 with (NHJjSO«, were placed 
in a 760-m] Erlenmeyer flask and shaken intermittently for 
80 minutes, with a total period of 15 minutes of actual shaking. 
After filtration, 50 cc of the clear filtrate were placed in a 200-cc 
Erlenmeyer flask. Two cc of ammonium molybdate-sulfuric 
acid solution were added, and the flask well shaken. Three 
drops of stannous chloride solution were then added, the flask 
again well shaken, and the resulting solution compared with 
a standard phosphate solution similarly treated. The com- 
parison was made within a few minutes by the use of a 
Bausch and Lomb colorimeter, as the blue color of the reaction 
begins to fade after about 10 minutes. The results were then 
computed in parts of available phosphorus per million of oven- 
dry soil. 

Because the method of shaking influences the amount of phos- 
phate dissolved from soil by water, as reported by Hibbard, (8) 
the shaking of the samples, which was done by hand in this 
preliminary study, was done as uniformly as possible in all the 
determinations. 

The pH values were determined by the use of the antimony 
and the glass electrodes. The chemical analyses for the other 
constituents were made according to the methods of the Asso- 
ciation of (Mcial Agricultural Chemists. (2) 

RESULTS AND DISCTUSSION 

Table 1 shows the response of rice to phosphatic fertiliza- 
tion and the readily available phosphorus content of the soils 
on which the experiments were conducted. Since the soil 
samples were obtained after the harvest, the readily avail- 
able phosphorus contents of the control plots might serve as 
those of the fertilized plots before treatment. Comparison 
may Hien be made on this basis. 
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Tabxj: 1 . — ReBporiBe of rioe to pkoaphatic fertilization and the influence of 
the readily available phosphorue content of Boil on yield. 



Soil. 


Soil Lab. 
No. 

Source. 

Type. 

Treatment 

(fertiliser 

formula 

E-22... 

~ 

Mufiox, Nueva Eclja 

MaiiKaya silt loam.. .. 

Control 

Ma.,. 

do,.. 

. do 

20-4M) 

E-24-.. 


do . 

20-20'0 


Naic, CavlU’ 

Guadalupe clay 

Control 

E~82... 

.do 

do. ... 

j 2tMM) 

J 

do 

. . do 

! 2(K”20-0 

E-34.-. 

1 Tanaa. Cavite J 

do j 

t Control 

E-36-.. 

.do..... 

do.,.. _ . „ 

20-0-0 j 

E-36,.. 

I do .| 

do . . 

20-20-0 

E-28... 

Tarlac, Tarlac j 

Lulaita fine aaody loam 

Control 

E-29.-- 

- ....do 1 


20-0-0 

E-30, . . 

, ....do...... -1 


20-20-0 

E^2B,,. 

Sao Maouel. Tarlac.. 1 

Sao Manuel silt loam.. 

Control 

E~26-. . 

do j 


20-0-0 

E -27 _ 


do 

20-20-0 



lner«uuM> 
In yield 

Avail. 

Average 

due to 

able 

yield. 

phoa- 

phatlc 

fertiliaer. 

phoa- 

phorua. 

.. - .... 

... 



Cavane 
per Ha. 

Capantt 

TMC* fftt. 

P.p.m. 

22.2 


3.4 

28,1 


3.6 

38.9 

15.8 

7.8 

24.6 


6.4 

39.8 


6.6 

56.2 

16.9 

! 6.6 

25 5 


8.6 

1 40.4 


7.4 

62.1 

11.7 

8,4 

27.8 


25.6 

36.5 


27.7 

56.9 

21.4 

28.8 

61.3 

1 

87.8 

62.1 


41.6 

65.6 

8,6 

49.2 


> Th« rat« of appHcatk>n of fertiliser waa 160 kiloirraini per hectare. 


Table 1 shows that where the readily available phosphorus 
content was quite low, let us say, below 37.3 p.p.m., the increase 
in yield due to phosphatic fertilizer was relatively large com- 
pared with the increase in yield of soils quite high in available 
phosphorus, showing a positive correlation between crop re- 
sponse and the readily available phosphorus content of soils. 
If this relationship were inversely proportional, one would ex- 
pect that the lower the available phosphorus content, the greater 
the increase in yield due to phosphatic fertilization of the soil. 
Table 1 shows that this would have been the case had not the 
soil from the fertilizer experiments in Tarlac, Tarlac Province 
(E28 to E30), given the highest increase in yield, although its 
initial readily available phosphorus content (E28) was not the 
lowest. 

Another significant fact that one may get from the results 
of these experiments is that the addition, of phosphatic fertilizers 
did not materially increase the readily available phosphorus con- 
tent of all the soils except that of San Manuel, Tarlac Province 
(E26 to E27), which had the highest initial available phosphorus 
content. This fact may be explained by an investigation of the 
phosphorus-lixing power or capacity of the soils involved, which 
will be the subject of the next study. We may say here that, 
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because the soil from San Manuel, Tarlac Province, had a 
fairly high available phosphorus content (E25 to E27), its 
phosphorus-fixing capacity was low, as evidenced by the in- 
crease in readily available phosphorus content from 37.3 p.p.m. 
in E25 to 49.2 p.p.m. in E27. 

The data on readily available phosphorus as checked by crop 
response to fertilization are, as yet, very meager, but more of 
these will be presented later, when the results of many more 
fertilizer experiments on rice, still in progress at the time 
of the writing of this report, are received by the writer. 

For comparison, the results of other investigators on this 
subject in other countries, principally the United States, are 
presented here. As cited by Truog, McGeorge,(lO) using 1 per 
cent citric acid for the extraction of Hawaiian, sugar-cane soils, 
found the minimum limit of readily available phosphorus for 
good sugar-cane production to be approximately 17.5 p.p.m.; 
Dyer, (3) proposing the 1 per cent citric-acid method, set the 
minimum limit ai approximately 44 p.p.m.; and Stoddart,(i4) 
working with the N/5 nitric-acid method, set the limit at 
66 p.p.m. 

Using his method, Truog tentatively set the minimum limit 
of readily available phosphorus, for general farming under 
Wisconsin conditions, at 37.5 p.p.m. for the heavier, better soils, 
and at 25 p.p.m. for very sandy soils. He explained that 

Crops with a lotiR prowinp period can get along with a lower supply 
than those with a shorter growing period, because the long growing period 
makes possible the utilization of a greater amount of the difficultly avail- 
able phosphorus. A climate which makes possible a long growing period 
has a similar effect. As a consequence, fairly good crops of corn can 
apparently be produced in the South on soils whose readily available 
phosphorus supply would l)e entirely inadequate in the North. 

Because of the various factors involved, such as crop require- 
ment, climatic conditions, and type of soil, Truog suggested 
that for certain sections in the southern part of the United 
States, 10 to 16 p.p.m. of readily available phosphorus might 
.suffice for a good crop of corn. 

Harper found that of eighty-three soils with eight farm crops 
studied, very few soils produced a marked response from phos- 
phorus fertilization when the easily soluble phosphorus was above 
20 p.p.m. as determined by the Truog method. 

According to Whitney and Gardner, (18) for calcareous soils, 
by their potassium carbonate extraction method, approximately 
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87 p.p.m. of available phosphorus may be regarded as the 
ndnimum for good crop production. 

Table 2 gives the relation of the chemical composition of the 
soils from the rice fertilizer experiments to their readily avail* 
able phosphorus contents. The results show that there was no 
signidcant variation in the pH values of the soil samples that 
could be correlated with the variation in easily available phos- 
phorus contents. All the pH values obtained were within the 
soil reaction tolerance limit for rice, which is from pH 4.8 to 
pH 6.9 as reported by Weir.(i7) Most of the pH values ob- 
tained were even within the optimum range of soil reaction 
for rice, which is from pH 6.6 to pH 6.1 as reported by the 
same author. But the determination of pH value was made on 
all the other soil samples just the same, because that was nec- 
essary for distinguishing a calcareous soil from a noncalcareous 
soil. As has been stated before, the Truog test applies only to 
noncalcareous soils. 


Table 2 . — Relation of the chemical composition of soil to its readily 
available phosphorus content. 


Sofl L«b. No. 

pH value. 

PeiOi and 
AbO». 

Lline 

(CaO). 

Phoe- 

phorlc 

anhydride 

(PiO.). 

Available 

phde* 

pnonia. 

B-22 

e.20 

Per cent, 
28.56 

Per cent. 
1.92 

Per cent* 
0.18 

P, p. m. 
8.4 

B-28 

6.05 

27.41 

1.91 

0.18 

8.6 

B~24 

5.02 

27.27 

1.81 

0,14 

7.8 

£•“81 — 

<.so 

80.47 

2.14 

0.12 

6.4 



6.12 

80.62 

2.05 

0.18 

6.6 

B-as 

; 6.10 I 

80.14 

2.01 

0.11 

6.6 

B-84. 

6,22 

81.88 

2.09 

0.16 

8.6 



6.90 

81.91 

2.16 

0,12 

7.4 

£“^6.. — .................... 

6.00 

80.66 

2.00 

0.11 

8.4 

B~28 

5.65 

26.04 

5.87 

0.11 

25.6 



5.40 

26.08 

5.50 

0.15 

27.7 

JJ~80 

6.60 

26.27 

6.08 

0.18 

28.8 

B-26 

5.86 

28.69 

8.88 

0.26 

87.8 

Vr2S 

i 5.72 

28.96 

8.45 

0.27 

41.6 

B-27 

6.76 

27.89 

8.61 

0.26 

1 

49.2 


Ford and Heck, who made intensive studies on the subject 
of phosphate fixation in soils, showed that the presence of rela- 
tively large amounts of soluble or active calcium, iron, and 
aluminum compounds in the soil measures the chemical fixa^ 
tion of phosphorus in soils, which in turn limits the availability 
of soil phosphorus to plants. According to Heck, with sufficient 
active calcium and relatively small amounts of active iron and 
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aluminum in the soil, most of the phosphorus is fixed as tri> 
calcium phosphate, which is slightly soluble in water but easily 
soluble in dilute acids and, therefore, readily available for plant 
growth. When active calcium is relatively low, and active iron 
and aluminum are relatively high in amount, phosphorus is fixed 
for the most part as difficultly available, except when the pre- 
dominating compound formed is normal AIPO4 which is mod- 
erately soluble in dilute acid .solutions and, therefore, moderately 
available to plants. But fixation in the form of normal AlPO* 
generally takes place in very acid soils. When phosphorus is 
fixed as normal iron phosphate (PePO*), as basic iron phosphate 
(FcjtOHljPO^), or as basic aluminum phosphate (Alj(OH), 
PO 4 ), its availability is very low. 

Table 2 shows that there was not much variation in the 
iron and aluminum oxide contents of the soil samples from the 
rice fertilizer experiments. Soil sample E27 had 27.39 per cent 
of Fe^Oa and ALO;,, and soil sample E23 had 27.41 per cent 
of the same constituents, yet their readily available phosphorus 
contents differed greatly, showing that in this group of soils the 
Fe^O, and AljO* contents did not constitute a factor in the 
availability of phosphorus. 

The lime and phosphoric anhydride contents of the soil sam- 
ples from the fertilizer experiments seemed to give a positive 
correlation with the available phosphorus contents. The groups 
or sets of samples E22 to E24, E31 to E33, and E34 to E36 
had about the same amounts of lime content, around 2 per cent, 
while samples E28 to E30 had an average of about 5.5 per cent 
lime. Although their total PjO, contents did not vary much, 
around 0.12 to 0.15 per cent on the average, their available phos- 
phorus contents differed greatly. The relatively high available 
phosphorus content of one group was about three times the low 
available phosphorus content of each of the other groups. This 
shows that, with the total PjO* contents remaining at about 
the same level, the higher the CaO content, the higher was the 
available phosphorus content of the soil. 

Comparing soil samples E28 to E30 with samples E25 to E27 
we find that both groups had relatively high CaO contents. 
The two groups differed in their total PjOb contents, and the 
samples that had higher total PjO^ contents had higher available 
phosphorus contents. 

Table 8 gives the average chemical analyses of some Philip- 
pine rice soils, and of some reputedly fertile virgin soils. Just 

82884 2 
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like the results presented in Table 2, the results given in Table 
3 are arranged in the order of increasing readily available 
phosphorus contents, with the unclassified virgin soils grouped 
separately. 


Table 3. — Average chemical analytes of tome Philippine rice toilt and of 
tome reputedly fertile virgin soils. 


Source 
(Province) . 

Typo. 

pH value. 

Lime 

(CaO). 

Phoa- 

phoric 

anhydride 

(PiOs). 

Available 

nhoa* 

pnorua. 

— ■ “■ * 

— - — 

— 

Per cent. 

Per <mtL 

P.p.m. 

Ri*aL... 

Novulichea clay ioarn adobe 

5.50 

1.46 

0.12 

6.8 

Pfttif Minun 

Alaminoa loam. , 

5.04 

1 .24 

0.09 

6.9 

Bulftcan ... . . 

Novalichoa loam. 

6.95 

1 06 

0.12 

10.4 

Cavite — 

Guadalupe clay. . . _ _ . 

6.66 

2 83 

0,19 

10.7 

Do 

Tagaytay loam. ... 

5.02 

1.76 

0.27 

12.4 

Pangmaiimn 

Ban! clay 

6.56 

3 20 

0.10 

14.2 

Nueva Eeija 

1 Quingua ailt loam .... 

6.61 

3.50 

0.21 

32.1 

Itocot Sur.... 

Baybay aandy loam. ‘ 

6.64 

4.85 

0.18 ! 

82.8 

Tarlac 

Luiaita fine aandy loam ... 

6.12 

5.17 

0.16 

89.2 

lloeot Sur 

Sevilla clay loam ... . , , 

6.72 

3.41 

0.16 

41.9 

Tarlac 

La Pae fine aandy loam 

6.04 

4 13 

0.18 

44.6 

La Union 

Baybay day loam 

6.68 

I 3.48 

0.26 

46.8 

Tartar 

San Manuel ailt loam 

6.02 

3 84 1 

0.16 

47.4 

Nueva Ecdja 

Baniog day loam 

6.42 

2.43 1 

0.22 

48.0 

Ilocoe Sur.. 

Baybay clay loam, deep 
phaae 

6.66 

3.83 i 

1 

0.82 

64.6 1 

• - i 


ONCLASSmED VIRGIN SOILS 


TsynbM (Mount Banahao) . 

Pavao (Mount Apo) 

Tayabaa ( Mount San Criatobal) ... 

CoUbato (Koronadal Vallay) 


5.21 ! 

1.42 ! 

0.48 

20.7 

5.14 ; 

1 30 [ 

0.41 

21.5 

5.64 ! 

4.20 ; 

0.46 

I 28.7 

6.18 

4.63 , 

0.26 

! 64.7 


In Table 3 we can see that again, there was not much varia- 
tion in the pH values of the different soil types which were 
under cultivation. However, it may be pointed out that, with 
the virgin soils studied, there seemed to be a positive correlation 
between pH values, CaO contents, and readily available phos- 
phorus contents, although the variations in pH values were 
slight. 

With the chemical composition of the different rice soils 
presented in Table 3, there was the same apparent positive 
correlation between CaO and readily available phosphorus con- 
tents, as that which existed among the results presented in 
Table 2. Beginning with the Quingua silt loam, which had an 
available phosphorus content of 32.1 -p.p.m., all, with the ex- 
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oeption of one (Bantog' clay loam which had 2.48 per cent CaO), 
had relatively high CaO contents, above 3.41 per cent, and high 
available phosphorus contents, up to 64.6 p.p.m., which was that 
for Baybay clay loam, deep phase. In the case of the Bantog 
clay loam we might say that its fairly high total PjOj content, 
0.22 per cent, with a total CaO content not so low, gave it a 
fairly high available phosphorus content. 

In the case of the virgin mountain soils, although the total 
PjOj content was fairly high, the available phosphorus content 
was relatively low. The fairly low CaO contents of the Mount 
Banahao and the Mount Apo soils, 1.42 per cent and 1.80 per 
cent, respectively, might account for this. But what was more 
probable as the chief cause of this condition was that all these 
virgin mountain soils had very high organic matter contents (as 
shown by chemical analyses not included in this report) which 
held most of the phosphorus not in the available form. But 
through microbial or biological activities the phosphorus held 
in the organic matter portion of the soil gradually became 
available for plant growth. 


SUMMARY 

The Truog teat for determining the readily available phos- 
phorus of soils was made on soils where fertilizer experiments 
on rice were conducted. The meager results show that there 
was a positive correlation between crop response to phosphatie 
fertilization and the amount of readily available phosphorus 
in the soil; the lower the available phosphorus content of the 
soil, the greater was the increase in yield due to phosphatie fer 
tilization, with one exception. 

Ninety soil samples from different parts of the Philippines, 
but mostly rice soils of Luzon, have been analyzed according 
to the Truog method. For some Philippine soil types, at least. 
30 to 40 p.pjn. of available phosphorus may not be far from the 
minimum limit of available phosphorus that will suffice for a 
good crop of rice. 

The results seem to indicate that, with the total P^Oj con- 
tent of the soil remaining constant, the higher the CaO content, 
the higher was the readily available phosphorus content; and 
that, with the CaO content of the soil remaining constant, the 
higher the total PjO^ content, the higher was the readily 
available phosphorus content. Exceptions to these findings were 
virgin soils very rich in organic matter. 
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DECOLORIZING CARBON AND SODIUM SILICATE FROM 
PHILIPPINE CARBONACEOUS RICE-HULL ASH 

By AintELio 0. Cruz and Augustus P. West 
Of the Bureau of Soienee, Manila 

Rice hulls are light in weight, neutral in odor, and have 
a slow combustibility. They are used for packing hygroscopic 
materials to prevent moisture absorption; for filtering and 
percolating; for insulation, the making of insect powder, and 
for various other purposes. 

Burnt rice hulls have been suggested as raw material for 
maldng decolorizing carbon and sodium silicate (water glass) 

In the Philippines rice hulls usually serve as fuel in the 
rice mills. The black carbonaceous ash that remains after 
burning the hulls is now discarded as waste. If this car- 
bonaceous ash can be profitably converted into decolorizing 
carbon and sodium silicate a new local industry can be es- 
tablished. Decolorizing carbon is used locally for refining 
sugar, and sodium silicate is employed in soap manufacture. 
Both of these products are also used industrially for numerous 
other purposes. 

This paper is a continuation of our work on Philippine 
rice-mill products. It suggests new industries that may be 
developed in the Philippines from the byproducts of rice mills. 
In our first publication* we gave the results of our investiga- 
tions on the nutritive value and preservation of rice bran and 
on the products that may be made from the bran. This report 
gives an account of our procedure for making, in one process, 
both decolorizing carbon and sodium silicate (water glass) 
from the carbonaceous ash obtained by burning Philippine rice 
hulls. 

‘Zerban, F. W., Louisiana Agr. Exp. Sta. Bull. No. 161 (1918). 

Zerban, F. W., E. C. Freeland, and D. D. SuUlvant, Louisiana Agr. 
Exp. Sta. Bull. No. 167 (1919). 

Oambel. C. J., Chem. Abs. 19 (1926) 1477 and 2780. 

Shilstone, H. M., Chem. Abs. 19 (1926) 8671. 

Bladone, O., Chem. Abs. IS (1919) 1132. 

•West, A. P., end A. 0. Cruz, Philip. Journ. Sci. 62 (1983) 1. 
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It would seem advisable for the Government to establish, in 
or near Manila, a rice mill to be operated scientifically for 
the production of rice and rice-mill byproducts. The by- 
products will then be used as raw materials for making: new 
things for which there is a demand. These new commodities 
will be processed in pilot plants to ascertain if it is feasible 
to produce them on a commercial scale. The polished rice 
that is milled could be sold to the Army to defray the expenses 
of operating the mill. 

When paddy rice (palay) is milled in the Philippines for 
the preparation of white rice the byproducts are rice bran and 
rice hulls. The estimated yearly production of Philippine rice 
hulls is 667,342 tons.* A factory located near a rice-milling 
district would have an available supply of rice hulls from 
which industrial products may be made. 

In Table 1 is given the analysis of rice hulls from two 
varieties of Philippine rice (ramai and macan).* 

Table — Analysis of Philippine rice hulls. 


Cuniititufint. 


I Moisture - , 

I F»t (ether extract) 

j Protein 

I Crude fiber ... . ... 

Aih 

Carbohydrates by difference, .. 

Total 


As shown in Table 1, the hulls consist largely of crude 
fiber and also have a rather high ash content. According to 
Harding ® the crude fiber yields a very pure cellulose. This sub- 
stance serves as raw material for making numerous commercial 
products, such as paper, rayon, cellophane, and lacquers. 

•Torn, cit, p. 19. 

*Tom, cit., p. 21. 

‘^Joum. Indus. Eng. Chetn. 20 (1928) 810. 


Variety of rice. huUt. 


Uamal, 

1 Mucan. ' 

Per cent, J 

P«r cent, i 

7.66 

! 6.77 1 

0.62 

0.68 

1.7B 

1.97 1 

34.97 

88.92 

22.29 

21.69 

32.72 

80.02 

100.00 

100.00 
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According to a recent announcement,* rayon made from the 
alpha cellulose of rice hulls is one of the latest Japanese in- 
dustries : 

A 12,900,000 industry is being promoted in Tokyo with the object of 
producing rayon-making pulp from rice hulls, of which a practically 
unlimited supply is assur^ in Japan. 

The process which forms the basis of the new industry has been 
developed by the Tokyo Industrial Laboratory, a division of the Depart- 
ment of Commerce and Industry, in collaboration with the research 
institute of the South Manchuria Railway Company. 

Because Japan depends on imports for 260,000 out of 300,000 tons 
of rayon pulp annually consumed by the artificial silk industry, the 
supply of raw material from an entirdy new source is expected con- 
siderably to benefit the textile industry as well as the farmers who are 
hard put to make a living from their scanty acres. 

Japan at present is among the world leaders in the production of 
rayon yam. And Japan is the world’s first rice grower. The annual 
crop averages 476 million bushels. 

Rice hulls also contain pentosans which may be converted 
into furfural. This substance is used in making various kinds 
of synthetic resins. 

VlTien rice hulls are burned thoroughly so as to eliminate 
combustible carbonaceous matter, the ash that remains has 
a slightly grayish color and consists almost entirely of silica, 
as shown by our analysis (Table 2). On account of the high 
silica content this rice-hull ash, finely powdered, serves as a 
good polishing powder. It can also be employed in making 
polishing pastes and scouring soaps, and can serve as an in- 
gredient in the manufacture of glass. 


Tablb 2 . — Analysis of Philippine rice-hull ash, free of combustible 
carbonaceous matter. 


Constituent. 

Per cent. 

Silica oxide 

95.38 

Iron and alumina oxides 

0.42 

Calcium oxide 

0.20 

Magnesium oxide 

0.62 

Phosphorus as PiOh 

0.67 

Sodium and potassium oxides 

2.20 

Total 

99.29 


When rice hulls are burned as fuel in Philippine rice mills, 
the residue is usually a black carbonaceous ash. The carbon 


Science News Letter 32 No. 864 (1987) 120. 
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content of the ash depends upon the temperature of heating 
and the length of time the hulls are allowed to remain in the 
furnace. 

In Table 8 is given the carbon content of eight samples of 
carbonaceous rice-hull ash obtained from the same rice mill. 
The percentage of carbon was determined by heating a weighed 
portion of the moisture-free ash in a muffle furnace to constant 
weight. As shown by the data the carbon content varied from 
11.8 to 30.8 per cent, which shows that the rice hulls were 
not always burned under the same conditions. 


Tablb 8 . — Carbon content 

1 

2 

8 

4 

6 

6 

7 

8 


of carbonaceous rice-htdl ash. 

Carbon . 
Per cent. 

11.8 

16.6 

16.3 
18.0 

19.4 

23.4 

26.4 
30.8 


Based upon the analysis of rice-hull ash free of combustible 
carbonaceous matter (Table 2), the composition of rice-hull 
ash having diiferent amounts of carbon was calculated. The 
results for samples containing 11.8, 18, 23.4 and 30.8 per cent 
carbon are presented in Table 4. 

Ash, free of combustible carbonaceous matter, gave a total analysis 
(Table 2) of 99.29 per cent and a silica content of 95.38 per cent. 
If tlie ash contains 11.80 per cent carbon (Table 4, sample 1) then 
the silica content is calculated as shown below: 

99.29 - 11.80 =: 87.49 
99.29 : 87.49 =: 96.38 : X 

X = 84.04% silica 

The percentages of the other constituents (Table 4) were calculated 
in like manner. 

The black carbonaceous ash obtained when rice hulls are 
burned as fuel consists mostly of silica and carbon (Table 4). 
Apparently this ash is similar to the silica black that Jacob- 
son ^ prepared by heating a mixture of finely divided coal and 
siliceous material (diatomite). Concerning silica black Jacob- 
son says: 

This Usde powder could not be eepsrated into dark and light com- 
ponents like the original products by employing either air, water, or 


Jonm. Indue. Bug. Cbem. 29 (1984) 798. 



ro,i Cruz and WeBt: Carbonaceotie Biee-Htdl Ash 147 


Tabzji 4»-^ompo9ition of earbonaceom riee*huU wh eontaining different 

amounte of ea/rbon,* 


Conitituent. 

> 

Sampla. 

4 j 6 

8 


P#r cenl. 

Per eewl. 

Per eent. 

Par cent 

CAtbon 

11.80 

18.00 

28.40 

80.80 

Silicon o»lde (•lilco) 

84.04 

78.09 

72.90 

66.79 

Iron and alumina oxide* 

0.87 

0.84 

0.82 

0.29 

Calcium oxide 

0.18 

0.16 

0.16 

0.14 

Magneaiiim oxide 

0.46 

0.43 

0.40 

0.86 

Phoaphonia a* PtOt 

0.60 

0.47 

0.44 

0.89 

Sodium and pocauluro oxiden 

1.94 

1.80 

1.68 

1.62 

Total 

99.29 

99.29 

99.29 

99.29 


• These data were calculated from the analyaia of rlcc-huIl afth, free of combustible car- 
bonaceouB natter (Table 2). 


oil flotation. Neither could white or gray particles be recognized under 
a znagniflcation of 660 diameters. 

The mixture of coal and diatomite had changed into something that 
was no longer a mechanical mixture. This product the author called 
‘‘silica black.” ... 

This product, when made from coal and diatomite, or coal and pre- 
cipitated silica, is a black siliceous material containing carbon in dif- 
ferent proportions together with 4 to 7 per cent of a nonsiliceous 
residue composed mainly of iron and aluminum. When the silica black 
is obtained from coal and talc, however, the nonsiliceous residue amounts 
to more than 88 per cent. 

X-ray photographs indicate that silica black is principally amorphous. 
However, a trace of a silicon carbide pattern is visible, showing that 
a small amount of crystalline silicon carbide must be present. The 
greater part of the carbon in the product is doubtless in the absorbed 
form, although a certain proportion may be represented as carbides 
of silicon, iron, and aluminum. 

Silica black reduces metallic oxides at high temperatures 
and is a good agent for clarifying and decolorizing liquids. 
It also has a high oil absorption. Jacobson suggested various 
uses for it, such as a pigment for paints and printing inks; 
a carrier for insecticides and a support for nickel in the 
hydrogenation process. 

A sample of the finest grade (A) of silica black contained 
18.14 per cent carbon, 75.66 per cent silica and 6.25 per cent 
of other constituents. By comparing this grade of silica black 
with a rice-huil ash having 18 per cent carbon (Table 4) 
it will be seen that these two products have somewhat the 
same composition (Table 6). 
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Table 6. — C<m.pari9<m of fine^grade wUiea black with carbonacctmc 
rice-^hull ash conta^ing 18 per cent carbon. 


Conitituent. 

SiUot bUck. 

Oer- 

boBfteeoua 

riee*h«dl 

Mb. 

CarboD 

PtrettU, 
IS. 14 
75.66 
6.25 

P$r«mU, 

18.00 

78.09 

8.20 

SOioa. 

Other c€nurtltu«Dti 

ToUl 

99.95 

99.29 



EXPERIMENTAL PROCEDURE 

A number of preliminary experiments were carried out to 
ascertain the best procedure for making in one process both 
decolorizing carbon and sodium silicate from carbonaceous 
rice-hull ash. These experiments consisted essentially in treat- 
ing the ash with different concentrations of sodium hydroxide. 
Below is given an outline of the method we selected as the 
most appropriate procedure. 

Rice hulle 


Used as fuel in rice mills. 


Black carbonaceous ash 


Dry, ^ind and sieve (200 mesh). 
Boil with sodium hydroxide 
30® (Baum6) for an hour. 

Filter. 


i 

Residue 


Wash with water 
and boil again 
with sodium 
hydroxide solution 
12® Baum6. Filter. 

1 i ^ I 

Filtrate 2 Residue 


1 

Filtrate 1 


Combine filtrates 
1 and 2 and 
evaporate to 
40® or 60® Baum4. 

Sodium silicate 


Wash with water, 
hydrochloric acid, 
and again with 
water. Dry at 
106® C. 

Decolorizing carbon 


(water i^s) 
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The carbonaceous ash obtained from the rice mills is first 
dried at 106° C., because the ash is often piled outside the 
mill where it is exposed to the weather. It is then ground 
sufficiently fine to pass a 200 mesh sieve. The dried and finely 
powdered carbonaceous ash is treated with sodium hydroxide 
solution having a concentration of 30° B6. For each kilo of 
ash 2 liters of the alkali solution are used. The mixture is 
boiled about an hour to dissolve the soluble silicates after which 
it is filtered. Filtrate 1 from the carbon residue is set aside 
for the preparation of sodium silicate. 

To remove most of the silicates the carbonaceous residue is 
washed with hot water. The residue is then placed in a suit- 
able container. It is treated with a liter of sodium hydroxide 
solution (12° B4.) After boiling for about one hour the hot 
solution is filtered. Filtrate 2 is combined with filtrate 1. 

The black residue is washed with hot water, then with 
dilute hydrochloric acid to neutralize the alkali and again with 
water until the washings are no longer acidic. This decolor- 
izing carbon is finally dried in an oven at 106° C. It is very 
efficient for decolorizing solutions. 

The combined alkaline filtrates 1 and 2 from the carbona- 
ceous ash are evaporated to. a thick sirupy liquid (sodium 
silicate or water glass) having a concentration of 40° Baume. 
This concentration is very suitable for sodium silicate intended 
for use as an ingredient in making soap. When the silicate 
is to be used as an adhesive or for other purposes the solu- 
tion is evaporated still further to a concentration of 60° 
Baum4. 

The color of the sodium silicate solution depends upon the 
kind of carbonaceous ash obtained from the rice hulls. For 
high-grade sodium silicate an ash containing a relatively small 
amount of carbon (less than 12 per cent) is preferable to one 
having a rather large amount, because the first gives a solution 
that is nearly colorless while the latter produces a yellowish- 
brown liquid. However, for soap making the colored sodium 
silicate is very satisfactory and gives a whitish cream-colored 
soap. 

Data on carbonaceous rice-hull ash and the decolorizing 
carbon and sodium silicate made from it are given in Table 
6. As shown by the data, treatment with alkali greatly re- 
duces the ash content of the carbonaceous rice-hull ash by 
removing a large portion of the silica as soluble silicate which 
is converted into sodium silicate. The alkali also decomposes 
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some resinous constituents that are contained in the carbon- 
aceous rice-hull ash. Analysis of the sodium silicate thus 
prepared is given in Table 11. 

Tabui 6 . — Data on earbonaeeoug riea-huU oak and tho doeohrutmg carbon 
and goditun giUaate made from it.* 


r 

I 

1 Sample. 

1 Carbonaeeoua 

j ric<»-hull ash. 

t 

! 

i Dacolorieinc carbon. 

Sodium aiiicati oem* 
centra tion, BauxnA* | 

_ _ 1 


1 Carbon. 

Ash. 

Carbon, i Aab. 

Yiald. ^ 

40 • 

■ 1 

eo« 1 

i 

Per rent. 

eant 

Per tent. ! Per cent | 

Grame, 

1 Grama. 

Oama. 

8 i 

' 16.8 

83.7 

1 88.2 I 11.8 

168.6 

' 8.816 

2.261 

6 1 

1 19.4 

80.6 

1 90.0 j 10.0 

196.6 

; 8,768 

2.217 j 

6 i 

2*1.4 

76.6 

90.3 j 9.7 

! 262.0 

8,72i 

2,197 

7 1 

2G.4 

78.6 j 

1 92.8 , 7.7 

270.6 

8.618 

2.073 


« The qiiantity of earboneceoue rice-hull aah used for each sample wa» 1,000 tfmoM, dry 
weiirht. 

^ The yield of sodium silicate In ffivea for a solution of 40'* Baum4 and also for a more 
concentrated solution of 60" Baum<^. 

* Analyaie of the sodium silicate is firiyen in Table 11. 

Decolorizing carbon . — This product is also known as carbon 
black and as activated carbon. It is ordinarily obtained by 
the combustion of natural (hydrocarbon) gas or other carbon- 
aceous materials, like nut shells. It is used in making nu- 
merous products; such as inks, polishes, pigments, carbon 
papers, black leaUier, insulating materials, rubber, gas masks, 
and for clarifying and decolorizing liquids. 

Concerning the purification of water by carbon, Morrison* 
states: 

During the past six years the scope of usefulness of activated carbon 
has been much enlarged by its introduction into the field of water puri- 
fication. At the present time between 800 and 1000 water purification 
plants depend upon activated carbon as the best means of insuring to 
the public palatable water at all times of the year. It is true that 
chlorine haa for many years provided a germ-free water, but until the 
advent of activated carton, many waters— although quite safe for drink* 
Ing purposes — were at times unpalatable as compared with clear, spring 
water. The function of powdered, activated carton is to absorb and 
remove from the water, impurities contained in the water or resolttag 
from prior chemical treatment of water. 

The samples of rice-hull decolorizing carbon recorded in 
Table 6 were tested in the laboratories of the Insular Sugar 
Refining Corporation at Mandaluyong, Rizal (near Manila). 
These tests were made to determine the carbon eiBcien <7 for 

*l(aa In A Chaadesl WorU (MOT) M. 
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Baccharine liquids. A fresh molasses of more than 80° Brix was 
used as the liquid to be decolorized and the results were recorded 
according to the Newburgh scale. For comparison these re- 
sults were checked against the efficiency of a standard carbon 
and also suchar carbon. The data are recorded in Table 7. 


Tablb 7 . — Carbon effieieney 

Carbon aampla. 

Standard 

Suohar 

Eice«hull No. 8 
Eice»hull No. 5 
Eiccs-hull No, 6 
Eice-hull No. 7 


of decolorizing earbone. 

Cartx>n cfAeianef 
(Newburgh scale) . 

100.0 

165.0 

127.8 

127.8 

176.6 

88.8 


With the exception of sample No. 7 the carbon efficiency of 
the rice-hull carbons was above the efficiency of the standard 
carbon. Sample 6 gave even a higher value than the Suchar 
sample. 

The rice-hull decolorizing carbon, sample 7 (containing 
92.3 per cent carbon), was obtained from a sample of carbona- 
ceous rice-hull ash that was not burned very thoroughly or 
uniformly. It contained a quantity of only partly burned rice 
hulls. When this kind of carbonaceous rice-hull ash is treated 
with alkali to remove most of the ash the carbon that remains 
is not of very good quality. 

If the furnace in the rice mill is handled properly, with 
modern temperature control, the rice hulls can very likely be 
burned uniformly to produce a carbonaceous rice-hull ash 
from which a good decolorizing carbon can be obtained. 

To ascertain the decolorizing (carbon) efficiency of rice- 
hull carbon for vegetable oils a sample was checked against 
imported high-grade carbons, coconut oil being used as the 
liquid to be decolorized. The coconut oil gave an original color 
reading of 4.5 red and 27 yellow. 

In determining the color of the coconut oil both before 
and after treatment with the decolorizing carbons we used a 
Wesson model, cabinet-type colorimeter made by the Emil 
Greiner Company. We also followed the procedure adopted 
by the (Jonference of Coconut Oil Manufacturers of the Phil- 
ippines (1924). 

All samples will be read to a yellow base to be determined by adding the 
two whole red units, within whose limits the sample falls, and multiplying 
same by 8. 
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The procedure for decolorizing the oil was as follows: 

One hundred cubic centimeters of coconut oil were poured 
into a 250-cubic-centimeter Erlenmeyer flask. A deflnite amount 
of the decolorizing carbon was added. The mixture was placed 
on a steam bath for 16 minutes and shaken occasionally. It 
was then filtered several times until the filtrate was entirely 
clear. The clear oil was then cooled to room temperature and 
the color determined. 

The quantities of decolorizing carbon used varied from 0.6 
to 2 grams. The results are recorded in Table 8. As shown 
by the data these three carbons gave about the same results 
within experimental error. All of these carbons were thus 
found to be excellent agents for reducing the color of coconut 
oil. 


Table 8. — Decolorizing efficiency of rice-hull carbon and two imported 
carbons for decolorizing coconut oil* 


Sftmpte. 


Rio»>huU carbon .... 


Standard carbon 


Sucbar, . 


QimnUty of 

Color of oil 

' enrbon uaed 



j for 100 rc 
coconut oil. 

Rod. 

YeUow. 

1 

j Grams. 



! 0.6 

1.6 

9.0 

1 1.0 

l.O 

6.0 

i ^ ^ 

0.6 

4.0 

I 2.0 

0.5 

3.0 

1 0.5 

1.7 

9.0 

i 

! 

6.0 

1.5 

0.6 

4.0 

20 

i 

8.0 

1 0,5 

j 1.4 

9.0 

1 l.O 

1 0.9 ; 

6,0 


; 0,5 

4.0 

! 2 0 

1 

8.0 


* The Hce-hull carbon waa nample 6 (Table 6) containing 90.U per cent carbon. 
^ The coconut oil gave an original color reading of 4.5 red and 27 yellow. 


The rice-hull carbon used in these color-reduction experi- 
ments with coconut oil was made by treating the black carbon- 
aceous ash of rice hulls twice with sodium hydroxide (page 
149). To ascertain the advisability of using a cheaper method 
for preparing the carbon in which less alkali is employed, we 
treated the carbonaceous rice-hull ash just once with sodium 
hydroxide (12® Baum6) according to the general procedure 
outlined on page 148. Data showing the amount of ash re- 
moved from the carbonaceous rice-hull ash by this treatment 
are given in Table 9. 
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Table 0.— Compo^itton of earhonaceoua riee^kull ash before and after 
treatment with sodium hydroxide {IS^ BaumS). 


C«rbanaeeo\ui rioe-huU Mh. 


Sample 

Before treatment with 

After treatment with i 

NaOH (12®Baum4). 

NaOH (12<»Baum«). j 


Carbon. 

Aeh. 

Carbon. | 

! 

Ash. 


Per eemL 

Per cent. 

Per cent. 

Per cent. 

1 _ J 

11.8 ; 

88.2 

19.9 

80.1 

2---. i 

16.8 

84.4 ! 

27.7 

72.8 

6-A - ; 

20.8 

79.7 • 

87.8 

62.7 

8 ' 

30.8 

1 

89.2 

67.0 

43.0 


Treatment with sodium hydroxide (12° Baum6) removed 
only a small amount of ash from the carbonaceous rice-hull 
ash. Decolorizing carbon made in this manner contains a 
large amount of siliceous ash and is not efficient for decolor- 
izing saccharine solutions. It is also not quite as good for 
reducing the color of coconut oil as the rice-hull carbon made 


Tabus 10. — Decolorizing efficiency of eiliceous decolorizing carbons obtained 
by treating rice-hull ash only once with sodium hydroxide (1S° Baume).‘ 



Sample. 

Carbon 
content of 
lilJceoua 
decolorizing 
carbon. 

Quantity 
of Biiiceouju 
decolorizing 
carbon uaed 
for 100 rc 
of coco- 
nut oU. 

Color 

Red. 

of oil. ! 

- ■ -| 

YeUow. 




Grama 



i^. - 


19.9 

0.6 

2.0 

12.0 




1 0 

1 8 

9.0 




1.5 

1.2 

9.0 




2 0 

l.l 

9.0 

2 


27 7 

0.6 

2.0 

12.0 ! 

1 


1.0 

1.6 

9.0 j 

1 

1 

1 


1,6 i 

I'l 

9.0 

1 

1 


i 

1.0 

6.0 

1 6- A 


37.8 

1 0 5 1 

2.0 

12.0 

! 

i 

I 

1 1.0 

1.6 

9.0 

! 



j 1.6 

l.l 

9.0 

j 



1 2.0 

1.0 

6.0 

j ' 

8 . 


: 67 0 

1 0.5 

j 2.0 

1 12 0 i 


j 

1 

1 1 0 

1 I.8 

1 9.0 1 

1 



! 1.6 

1.1 

9.0 1 


j 


2.0 

1 

1 

j 6 0 1 


• Coconut oil w*i used os the aarent to be decolorized. It gave an original color reading 
of 4 red and 24 ydlow. 
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by treatiziff carbonaceous rice-hull ash twice with sodium 
hydroxide (page 149). This is shown by comparing the data 
recorded in Tables 8 and 10. 

Siliceous materials, like Fuller’s earth, are used for clarify- 
ing oils and reducing the color. For ordinary commercial 
purposes these siliceous rice-hull carbons containing from 27.7 
to 57 per cent carbon (Table 9) gave fairly satisfactory re- 
sults for refining coconut oil. The color of the oil (Table 10) 
was reduced from a reading of 4 red and 24 yellow to 1 red 
and 6 yellow. 

Sodium silicate {water glass ). — Sodium silicate is commonly 
made by treating sand or other siliceous materials with sodium 
hydroxide. Sodium silicate has interesting properties which 
permit its use in various industries, particularly in the man- 
ufacture of soap. Aside from the special detergent properties 
which sodium silicate gives to soaps and washing powders, 
it has the added vfilue of economy because of its low production 
cost. 

Sodium silicate is used for preserving eggs by making the 
shells air-tight; as an addition to water to prevent the cor- 
rosion of water pipes. It is also employed as an adhesive in 
making paper boxes; as a binding agent for concrete roads 
and walls: for briquetting coal; and for other purposes. 

Good accounts of the detergency and other properties of 
sodium .silicate are given by Snell® and Vail.^® 


Table 11 . — Analysis of crude^ refimdt and imported sodium silicate. 


Constituent. 

1 

Sodium siUeate* sO** Bauin^. | 

Made from rice-hull 

ash. • 

! 

Imported 1 


Crude. 

RoBnod. 

Per eeni, 

69.0 
20.6 

10.0 

Moisture,. 

68.8 

17.9 

12.1 

Par etni. 
66.8 
20.7 
10.4 

Silica 

Sodium oxide..,. ... 



» Th® rice-hull aah employed in nuikinip the crude and mfined aodium silicate contained 
Z3.4 per cent carbon (Table 6). 

0)ininereia) eodiuni hydroxide* which naually eontaina 1 to 2 per cent of chlorides and 
other gaits* was used in making: the crude sodium silicate. This sample of sodium silicate 
would, therefore* contain aome chlorides and small amount of other salts not accounted for 
in the analyala. 


*Journ. Ind. Eng. Chem. 25 (1933) 1240. 

cit. 27 (1986) 888; 28 (1936) 294. 
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The jcompoBition of sodium silicate varies somewhat accord- 
ing to the meUiod of preparation and the quality of the mate- 
rials used in making it. As shown by the data, Table 11, 
the crude sodium silicate made from rice-hull ash, by the 
procedure given on page 149, contains more sodium oxide 
(12.1 per cent) than the imported sodium silicate (10 per cent). 
This kind of sodium silicate is good for making soaps, as the 
excess alkali aids in saponifying the fat. 

For making adhesives and other products the excess alkali 
is not desirable as it tends to decompose them. By diluting 
the crude sodium silicate with water until the volume has been 
increased about 10 per cent and then heating it with rice-hull 
ash that has been burned until free of carbon, the excess 
alkali in the crude sodium silicate is neutralized. The refined 
product thus obtained is then evaporated to 40° Baiund. It 
has about the same composition as the imported sodium 
silicate except that it has a little less moisture. 

Our analyses (Table 11) of imported sodium silicate and 
also the crude and refined sodium silicates, prepared from 
rice-hull ash, were made according to the methods given by 
Griffin.** 

SUMMABY 

When paddy rice (palay) is milled in the Philippines for 
the preparation of white rice the byproducts are rice bran 
and rice hulls. The estimated yearly production of Philippine 
rice hulls is 567,342 tons. 

In the Philippines rice hulls usually serve as fuel in the rice 
mills. The residue after burning the hulls is generally a 
carbonaceous ash that has a black color and is now discarded 
as waste. Apparently this ash is similar to the silica black 
that Jacobson prepared by heating a mixture of finely divided 
coal and siliceous material. 

This report gives an account of our procedure for making, 
in one process, both decolorizing carbon and sodium silicate 
(water glass) from the carbonaceous ash obtained by burning 
Philippine rice hulls. 

Samples of the rice-hull decolorizing carbon gave for sac- 
charine liquids a carbon efficiency greater than that of a 
standard carbon. One sample was even more efficient than 
suchar carbon. 


"Technical Methods of Analysis (1927) 41. 
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The rice-hull decolorizing carbons were also found to be 
excellent for reducing the color of coconut oil. 

Treatment of the carbonaceous rice-hull ash only once with 
sodium hydroxide (12° Baum4) gave a very siliceous rice-hull 
carbon. For ordinary commercial purposes these siliceous 
rice-hull carbons containing only 27.7 to 67 per cent carbon 
gave satisfactory results for reducing the color of coconut oil. 

Crude sodium silicate, made from carbonaceous rice-hull ash 
by the method we employed, was found to contain about 2 per 
cent more alkali than imported sodium silicate. This kind is 
good for making soaps as the excess alkali aids in saponifying 
the fat. 

By treating the crude sodium silicate with rice-hull ash 
(carbon free) the excess alkali is neutralized. This refined 
product had about the same composition as an imported sodium 
silicate. 



FFJRN EVOLUTION IN ANTARCTICA 


By E. B. COPBLAND 
Of Berkeley, California 

TWO TEXT FIGURES 

This is a study in the reconstruction of the history of ferns 
by the interpretation of present geographic distribution. 

The explanation of the present distribution of plants by their 
history is one of the comparatively few problems of the sys- 
tematic botanist that have a wide popular appeal. This ex- 
planation is almost too easy, if the geologic history is known., 
but that is the case with only a small fraction of the living 
plants. Since what is demonstrably true of some plants of a 
region may well be true of others, the established history of a 
small part of the plants of Europe and North America gives us 
the probable history of a large part of the flora. Thus, if a 
plant, — say, Osmunda hipinnata , — be found now in the eastern 
United States and in eastern Asia, and' its fossils are found in 
several northern lands, we recognize the present localities as 
remnants of a once far-northern range around the world, the 
present discontinuous distribution being the result of extermina- 
tion by ice throughout the rest of its old range. And if another 
plant species is found in the same places, but no fossils are 
known, we do not hesitate to explain the discontinuity in the 
same manner. If a Japanese plant be nearly related to one of 
Atlantic North America, instead of being identical with it, the 
argument is the same; at least one of them has changed some- 
what in the course of time. 

That is, we construct the histoiy of a plant, or group of plants, 
by interpreting the present distribution. In the absence of 
fossils, the argument has to take this direction. We are very 
familiar with this picture of the history of vegetation in the 
northern hemisphere. Our common American ferns are the 
common ferns of Europe, and it seems to us that this could 
hardly have been otherwise. For, with narrow gaps or none, 
we know that at a time, very recent, geologically speaking, the 
continents were connected by land with a climate favorable to 
our ferns. 
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We are far less familiar wiUi the idea tiiat uiy far<southem 
land might have been the common source of the vegetation of 
areas now completely disconnected. The comparative paucity 
of land in the South (text fig. 1) , and the present total unfitness 
of antarctic land for vegetation^ have tended to keep us from 
trying to apply to the South the ideas familiar to us vdth regard 
to the North. Still, it is nearly eighty years since J. D. 
Hooker ^ suggested such an explanation : 

The many bonds of affinity between the three eonthem Florae, the 
Antarctic,* Australian, and South African, indicate that these may all 
have been members of one great vegetation, which may once have covered 
as large a southern area as the European now does a Northern. 

The most active exponent of this idea has been Skottsberg, 
who, in one of several papers on the subject,* listed many 
genera of flowering plants, in 49 families, represented in 
Antarctic America and New Zealand (or, a few, in Australia) . 
Nearly a score of small families are distributed in a manner 
inexplicable on any other assumption. The evidence of small 
families forces itself on us, while we easily overlook that of 
large genera and families. Thus, in the case of Grammitie, 
with one manifestly Antarctic-bred species, and with about 120 
species confined to the Tropics, the probably Antarctic origin 
of the genus has escaped suspicion; while Todea, vuth one 
far-southern species and no other species anywhere, has been 
conspicuous and accepted as strong evidence. A large family, 
even if of southern origin, cannot possibly be predominantly 
far-southern in present distribution, because tropical and 
northern species must outnumber the whole flora of Antarctic 
America, or even of New Zealand. 

Besides vascular plants, the distribution of certain groups of 
mosses, worms, molluscs, crustaceans, and insects has been in- 
terpreted as indicating an origin farther south than where any 
such organisms now live. 

As to the ferns, Christ * summed up the evidence to his date, 
and construed it better than have later writers, content to quote 
him inperfectly and add nothing: 

Noth bleibt eine hochinteressante Gruppe von Fanien m erw&hnan, 
welchs man in dem Sinn antarktiacb ncnnen kann, als aie swar nicht boreal- 
alpin in Charaktar, sondem gemiasigte bis aubtroplscba Anpassung saigen, 

‘Flora of Tasmania 1 (1860). ’Plant World 18 (191B) 142. 

’That is, Antarctic American. ‘Oeographie dar Fame (1910) 248. 
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doch sich rund um den Slidpol in tiefen Breiten eowohl der Sstlichen 

ola 

wcstlichen Halbkugel ausdehnen* Sie sind nicht analog den arktischen 

danzen, auch nicht den antarktischen Phanerogamen mit ihrem hSchat 
charakteristischen Polsterhabitus, sondern nur dadurch verbunden, well 
sie einen, wenn auch unterbrochenen, Kreis ini tief ozeanischen Siiden 
bilden. 

Dicse Arten gehoren in erster Linic der neiiseeliindischen und dberhaupt 
der australischen Flora an, streifen aber in die westliche Halbkugel oder 
doch bis S.'Afrika hiniibor. 

Dahin eino ganze Schar BIcchnum: aiistrale, capnisc, tahulare, lanceo- 
latum, attenuatum, pcnna marina, PolpHtichum capcnse und vestitum, 
Polypodium anstrale und Billardieri, Hymenophylhini fcrrugineuvi, Asple- 
nium obfusatum, Sckizaea fistuhsa, . . . Auch Hypolepis rugulosa, . , . . 
Dahin aber muss auch gezahli werden das Genus Dicksortia, » . 

Ebenso aber auch Sckizaea, dieses zerfahrenste aller Genera, das aber, 
zwar znnaehst um Ncukaledonien gravitierend, doch ofTenbar vermoge 
seiner, S.~Afrika und S.-Aniorika gleichma^ig beruhrenden, Expansion 
entschiedcn auf ein Siidzentrum hindeutot. 

Diese Arten setzen ein solches, irgendwo im tiefen Siiden gelegenes, 
Urtiares oder noch altcres Gebiet voraus, wo sie, genau wic so manche 
Bliitenpflanzen gleichen Areals, den Ausgangspunkt ihrer radialen Wan- 
derung haben. Dass di€‘S Gebiet ein altes und warmes war l)ezeugt der 
ganze, zur Stammbildung geneigte und sehr frondose Aufbau der grossen 
und die Zartheit der klcineren dieser Fame . . . 

Dieses nach anderen Kontinenten tibergrelfende Element der austra- 
Jischen Flora cnthiillt uns die Herkunft dieser Flora tibcrhaupt. Sie ist 
ein, auf den schmalen Areal Neuseelands, Tasmaniens und O.-Australiens 
mit ihren klcincn Satelliten, erhaltenes Relikt finer grosscrcn Siidflora, 
die zur Tertiarzeit oder friiher sich ausbildete, ausstrahlte und nun noch 
die ozeanischen Punkte bezetzt halt, und ihr klimatisch ihre Existenz 
sichern. 

My own attention to this phenomenon came at the conclusion 
of a series of studies of the Hymenophyllaceae, when the facts 
as to the present distribution of genera and species made me 
ascribe an Antarctic origin to the entire family. Now, the dis- 
tribution of a dozen species might arouse our wonder, when they 
seemed to be isolated cases. But, once it was established that 
a fern family of several hundred species had this history, what 
had aroused wonder began to seem natural, and it appeared 
that it would now be wonderful if other ferns had not evolved 
in variety under the same favorable conditions as the Hymeno- 
phyllace«e, and had not radiated from Antarctica at the same 
time as the filmy ferns. This is the more true, because dis- 
persal over water seems likely to have been involved at all 
times, even if not always at all places, and the Hymenophyllacese 
are commonly believed to be disqualified for jumps to great 
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distances by having spores of briefer vitality than do most 
ferns. Moved by these considerations, I decided to subject 
the ferns as a whole to investigation from this point of view. 

It must be observed in the beginning that the geological evi- 
dence, which fills out our picture of the past in the North, is 
largely wanting in the South. Not only is there no living fem 
in Antarctica; no fossil fern may be known there. Christ* 
reports fossils of Cyathea, Blechnum, and Polypodium from Sey- 
mour Island, from 64° south latitude; I believe they were found 
in Graham Land, but the difference is without interest. What 
geology really contributes to our understanding is summed up 
in italics in the Glaciology of Priestly and Wright (1922) : 
“Glacial conditions have been the exception and not the rule in 
Antarctica” “ ; and “In the upper Oligocene or lower Miocene, 
once more a temperate to subtropical flora holds sway over some 
portion of the Antarctic Continent.'* We would have had to 
postulate such conditions, as Christ did, from the facts of pres- 
ent distribution, but the argument is better when the geologist 
confirms it by direct evidence. 

There are some general facts concerning ferns that may help 
to provide a foundation for the study of their history. More 
than nine thousand species are recognized today, in more than 
two hundred genera. As I divide them into families, using 
the latest Supplement to Christensen’s Index, effective at the 
end of 1933, as to the numbers of genera and species, they are: 


EUSPORANGIATE PERNS 

Family. Genera. Speciea. 

1, OphioglossaceaB ^ 4 92 

2. Marattiaceae — 7 217 

LEPTOSPORANGIATE FERNS (FILICES) 

8. Osmundace® 3 20 

4. Schizaeacea? 4 162 

6. Gleicheniace© 2 120 

6. Hyraenophyllacefie 4 (4-2) 661 (+4) 

7. Polypodiace® 182 8,034 

8. Marsileace® 8 74 

9. Salviniace® 2 16 


other especialists recognize more families. Thus, Christensen 
lists three others, which I include in Polypodiaceae, and has since 


•Op. cit, 330. 


P. 44. 


^P. 446. 
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increased the number.* 1 do not know how many Bower miffht 
recognize, but certainly a much larger number. The question 
as to number of families is not related to the thesis of this 
paper; the families are listed here to give a general outline of 
fern classification, and to indicate the order in which they vdll 
be discussed. There are similar differences in practice as to 
the genera, but there is comparative uniformity as to the 
species. I will continue to use Christensen’s figures, with few 
exceptions, as his Index is the nearest approximation to a com- 
mon judgment of fern specialists. 

However far back in geologic time the group of ferns may 
have originated, our living ferns are mostly a group of recent 
evolution; in fact, still actively evolving as a component of the 
world’s vegetation. Although the ferns are a part of a larger 
group, the pteridophytes, in which seed plants are supposed to 
have originated, the Polypodiacese and Hjonenophyllacese are 
families of recent and present time, just as truly as is any 
family of fiowering plants. Their genera and species, in gen- 
eral, are still spreading; very few of them are commonly believed 
to have occupied a greater area, or been more numerous or 
more varied, at any previous time than they occupy and are 
today. Time is therefore one of the factors limiting their pres- 
ent range, although the necessity of suitable local conditions 
where the spores fall is a stronger limiting factor. ’Thus the 
totid absence of Hymenophyllaces in our Pacific Northwest, 
where climatic conditions are ideal for many of them, must 
be explained by their not having been in northeastern Asia 
when the climate of Siberia and Alaska would have permitted 
them to spread to America. Against the scale of geologic time, 
this was the condition yesterday. Two species reached Sag- 
halien and Ussuriland* (but the reporter mistook them for 
very old inhabitants), this morning, when the Behring bridge 
is temporarily closed. 

Characteristically and in general, the ferns of today are plants 
of the humid Tropics, where, except in Africa, every moist 
mountain supports several hundred species. Four hundred 
thirty-seven species are known from Mount Kinabalu in Borneo, 
the forests of which are still far from being completely explored. 
With a distance from the equator, north and south, the number 

*V6rdoorn» Hanual of Pteridology <198S)« 

^Krjnibtofoiridi^ A. HymenophyUam and Trichomanes in UBsnrIland. 
Sbmyatsenla 8 (1985) 22. 
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of spedes, and their share in the vegetation, decrease, except 
in New Zealand and the subantarctic islands. 

This great tropical fem flora might have evolved where it 
is, or farther north, or farther south. In the absence of evi- 
dence the simple assumption would be that it evolved where we 
find it, and where it is still in active evolution. We have no 
evidence that the Tropics as a whole were at any past time 
unfit for ferns ; and the assumption that this has been the chief 
place of their evolution obviates the necessity of assuming and 
explaining migration in latitude. It is only when we open our 
eyes to anomalies in present distribution that appeal to other 
places of evolution becomes necessary. Some of these anomalies 
have been mentioned, and more will be. I will show that such 
cases, in varying degree of emphasis, are far commoner than 
has been appreciated ; that over a wide range of fem evolution 
what have seemed to be the anonoalies really illustrate the rule. 

As one leaves the equator, going north, the proportion of 
land to water around the globe increases (text fig. 2). All 
ferns are land, not marine, plants. Going south, the propor- 
tion of land decreases rapidly. A reasonable expectation would 
be that the north temperate zone would have many more fem 
species than the south temperate zone, except as differences in 
moisture might make the North relatively unfit for ferns; and 
that this would be true of ferns as a whole, and' of each family 
and genus of tropical origin. Actually the land south of the 
equator is on the whole drier than that of the North, which 
would be expected to explain the relative paucity of southern 
ferns. 

A richer development of a genus or family to the south in 
spite of this better present opportunity for wealth of fem 
species to the north, creates a strong case for a southern, rather 
than a tropical, origin of the group. The diversity of genera 
in the family or of species in the genus being greater in the 
Sooth is a strong additional reason for postulating a southern 
origin. For, if diversity rather than numbers be the feature 
of difference, the presumption is that the species and genera 
which impress us as peculiar, divergent, or isolated have lagged 
behind in northward migration. 

The most obvious evidence for southern origin is presented 
by the cases of widely discontinuous distribution already re- 
ferred to, species and genera common to southern Chile and 
New Zealand, with Tasmania, the Cape, Juan Fernandez, and 
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Fig. 2. The region around the South Pole. 


the Falkland and other aubantarctic islands as less common 
additional regions. Reiche lists among the genera common to 
Chile and New Zealand: “Gleichenia, Alsophila, Picksonia (auch 
J. F.), Trichomanes, Adiantum, Cheilanthes, Pellaea, Pteris, 
Asplenium, Polypodium, Gymnogramme, Notholaena, Schizaea 
(sehr ahnlich Oder vielleicht identische Art), Ophioglossum, Bo- 
trychium. Lycopodium, Azolla.” His list of identical species 
includes: “H)mienophy]lum tunbridgense, ant. H. unilaterale, 
ant. H. rarum, Cystopteris fragilis, ant.^^ Lomaria alpina, As- 
pidium aculeatum, A. coriaceum.” 

The force of this kind of evidence is not always conceded. 
Thus, Diels included members of groups which "at the present 


‘'Grundzuge der Pflanzenverbreitung in Chile (1907) 801. 

“Ant.” means antarctic. His Aapidium species are Polystichum. 

” Essays in Geobotany (1036) 191 : The Aatochthonian flora [of Australia]. 



70.1 Copeland: Fem Evolution in Antarctica 166 

day, are distributed principally in the southern hemisphere, but 
it is impossible to infer that they origrinated in the south.” 
Disclaiming the impossibility, I do so infer, as to the ferns; 
finally, as the evidence piles up, do so conclude, in many cases. 
The usual alternative is to picture these isolated groups as 
remnants of an old northern flora, exterminated in their old 
range by change of climate or by unendurable competition. 
Substitute southern for northern, and that is v?hat they are. 
We know, then, that the postulated change of climate has oc- 
curred, and have no such explanation if we impute a northern 
origin. 

The idea that plants can be driven to outposts where they 
are permitted to live on is a thoughtless transfer of an idea 
familiar and sound in the case of men. Competition can never 
drive a plant to a new place; it can only kill it off in its old 
place. Under very particular conditions, change in climate may 
result in migration. Thus, a glacier moving south across Ca- 
nada would be associated with a change of climate in the United 
States, making it what the climate of Canada had been; and 
the change would take place slowly enough so that some Cana- 
dian plants would spread southward as the climate there became 
fit for them. Some plants may have been enabled to migrate 
from Antarctica as it chilled. Or these plants of Antarctica 
#nay have migrated previously, as plants are always doing, and 
then have been exterminated by cold in the land of their origin. 
There is no evidence whatever that any progrressive change of 
climate, worldwide in its scope, has ever “driven” plants south 
in this manner, in Africa, into and across Australia, and in 
South America. When one explanation is integrally sound, and 
no other is even plausible, it is not worth W'hile to be too timid 
in the acceptance of the one presented. On the same general 
ground, I am less cautious than were Hooker and Christ when 
I fix the Antarctic Continent as the source of the old far- 
southern flora; if it was another continent in the same place, 
whoever knows its name may substitute it. 

In postulating the antarctic origin of any ferns, I do not have 
to have an opinion as to the various reasonable, unreasonable, 
and bizarre theories regarding land connections in geologic time. 
Fern spores are carried across water by the wind. Once the 
spores are taken up by the wind, ten miles of water is no barrier 
at all to their spread. One hundred miles of water may be 
one hundred times as great a barrier, because the spores must 
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hit a target, a suitable place to germinate and grow. Still, ferns 
spread readily across seas this wide. A thousaad-mile stretch 
makes the obstacle again one hundred times as great as a matter 
of geometry; and other factors, — the limited vitality of the 
spores, the chance of failing or being washed out of the air, 
and the chance of very different climate at such a distance, — ^in> 
crease it materially. Ferns rarely jump a thousand miles of 
ocean. Still, a number of species are believed to have crossed 
the South Atlantic, and I believe that three genera, Plagiogyria, 
Coniogramme, and Loxogramme, have flown the North Pacific 
from Japan to Mexico, each in one single instance. It is not 
exactly impossible, then, that direct colonization has occurred 
between Chile, New Zealand, Tasmania, the Cape, and Tristan 
da Cunha, but the distances are great. The improbability that 
direct colonization has occurred in this case rests more on the 
small areas of take-off and target than on the distance itself. 
And the importance of the small areas is as much that they do 
not provide opportunity for the evolution of diversified floras, 
as that they do not provide an infinity of spores to be borne 
away, to come down where they may. Plagiogyria, Conio- 
gramme, and Loxogramme had a continent on which to evolve 
and from which to take off, and another on which to land. 

Family 1. OphiogloeeaeesB . — ^The Ophioglossacese are regarded 
as the most primitive extant ferns, and therefore as very old. 
There are 2 large genera, Ophiogloasum with 54 species, and 
Botryehium with 36 species. Both of these are cosmopolitan in 
distribution, and many of the species range very widely. There 
is some concentration of Opkhgloeaim species in the South, but 
no marked center of evolution and dispersal. A single species 
of Botryehium, B. auatrale, known only from Tasmania, Aus- 
tralia, New Zealand, and Argentina, may be regarded as an 
obvious immigrant from the sooth. On the whole, the distribu- 
tion of both genera indicates the great age ascribed to them 
on other grounds. We may suppose that they were represented 
in Antarctica during the last period of fern luxuriance there, 
and that some emigrants thence still survive; but that another 
and probably larger element in both genera survives from a 
fern flora living elsewhere at the same time. 

Family 2. Marattiacese. — Marattiacese, though distinctly prim- 
itive in Some of its characters, has evidently undergone vigor- 
ous evolution in comparatively recent time, and is still active. 
It is almost wholly tropical in present distribution, confined to 
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moist places because of the size or fleshy nature of the leaves. 
O nly one genus, Marattia, with 56 species, is common to the 
Oriental and American Tropics, and is confined to them except 
for one species in New Zealand. In such cases, of which we will 
find many, the view has always been that the genus reached 
New Zealand from the Tropics. However, the species of the 
old and new worlds must have had somewhere, as well as at 
some time, a common source. In many of the cases just re- 
ferred to, we will find other reasons for regarding Antarctica as 
the common ancestral land. Conforming the idea to the pat- 
terns thus established, I suppose that the existing species of 
Marattia had common ancestors in Antarctica, and that the 
surviving New Zealand species is a remnant, marking the path 
of migration to New Guinea and Malaya. Angiopteris, with 
120 species, ranges from Pitcairn Island to Reunion and Japan. 
Three small related genera in southeastern Asia and Mala}'a 
suggest a very old center of evolution in that region. Danaea, 
with 32 species, is confined to the American Tropics. All of 
these must have had a common origin; but this may well have 
been too long ago for anything in the prasent distribution to 
provide any clue to the region. 

Family S. Oamundacete. — By general agreement, these are 
the most primitive members of the order Filices. They must 
then be a very old stock, and there is abundant fossil evidence 
that this is so. There survive 3 genera, with some 20 recog- 
nized species, of which 13 are in Osmunda. They are so scat- 
tered over the world as to give no hint of any particular place 
of origin. 

The other two genera have a different history. Todea was 
described in South Africa, and the same species is found in 
New Zealand and Tasmania, with a variety in Australia; that 
is its entire range. Only Chile is wanting to give it the whole 
range of the most typically limited migrant from Antarctica. 
Of course, it had a still older history, leading back to a common 
origin with Oamimda, in some region not to be guessed at. But, 
as an element of the vegetation of today, one need not hesitate 
to ascribe to it an antarctic origin. 

LeptopteriB, the third genus, has seven not too distinct spe- 
cies : 2 in New Zealand, 1 on Lord Howe Island, 1 in New South 
Wales and New Caledonia, 1 in the Solomon Islands, 1 in Poly- 
nesia and New Guinea, and 1 in New Guinea only. It is to be 
regarded as an antarctic genus, migrant to and through New 
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Zealand, undergoing specific differentiation as it went Its near- 
est relatii^e is Todea, and it requires little imagination to postul- 
ate their evolution as distinct genera in Antarctica. 

Family U. SchizseacesB . — ^The Schizseacese and the Gleicheni- 
cese are coordinate groups, intermediate between the lower Os- 
mundacees and highest, most modem ferns. The Schizaeacese 
include 4 genera, with 162 species. 

Schizaea includes 29 species, in three subgenera that may be 
jregarded as closely related genera. One species I do not place. 
The others, listed in full to show the distribution completely, 
follow : 

Subgenus Emchizaea: 


S, fistulosa Labill. 


S. bifida Willd. 

5. pectinata (L.) Sw. 

S. tenella Kaulf, 

S, malaccana Baker. 

S. Hallieri Richter. 

S. robusta Baker. 

S. incurvata Schkuhr. 

S, puailla Pursh. 

Subgenus Lophidivm: 

S, dichotoma (L.) Smith, 

S, rupeatria R. Br. 

S. elegana (Vahl) Sw, 

5. poeppigiana Sturm. 

S> fluminenaia Miers. 

S, pacificans Mart 
S. Sprucei Hooker. 

Subgenus Actinostachys : 

S, digitata (L.) Sw. 

5. Balanaae Fourn, 

5* plarui Fourn. 

S» tenuis Fourn, 

S, intermedia Mett 
S, laevigata Mett. 

S. Biroi Richter. 

S, apirophylla Troll. 

S. penntda Sw. 

S, penicellata H. B. W. 

S, orbicularis (Baker) C, Chr, 
S. Germani (F4e) Prantl. 


New Zealand, Auckland Island, 
Tasmania, New Caledonia, An- 
tarctic America, Falkland Is- 
lands. 

New Zealand, Australia. 

South Africa, Madagascar, Santa 
Helena. 

South Africa. 

Malaya, Burma. 

Borneo. 

Hawaii. 

Tropical South America. 

New Jersey to Newfoundland. 

New Zealand, Polynesia to Mada- 
gascar. 

Australia. 

Tropical America. 

Do. 

Tropical South America. 

Brazil. 

Amazon. 


Polynesia to Madagascar. 
New Caledonia. 

Do. 

Do. 

Do. 

Do. 

New Guinea. 

Amboyna. 

Tropical America. 
Tropical South America. 
Colombia. 

West Indies, Florida. 
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S. fiatuloaa has the range most positively indicative of An- 
tarctic origin, occurring in all major far-southern regions except 
South Africa, where it is represented by S. tenetta, and with 
no northerly range except to New Caledonia. Still Richter 
in a careful study of the subgenua, and recognizing this species 
as the approximate parent, conceived it to be New Caledonian 
in origin and to have migrated thence south to Tasmania, east 
to Chile, and west to Madagascar. Better than Richter’s was 
Christ’s earlier statement.*^ 

South Africa, bcsiden being farther from Antarctica by a 
critically wide margin than are Cape Horn and New Zealand, 
and practically without interplaced islands, i.s not now a favor- 
able place for ferns. Madagascar, not so much farther north, 
is favorable, — it has more fern species than are now known 
from the whole African continent. Because it seems to be here 
only that fern spores carried northward in this region would 
now find a fair chance to effect colonization, I regard Madagas- 
car as having been so colonized, either directly or by way of 
the continent, if the Cape was at the critical time a land more 
fit for ferns. Ferns have reached Madagascar from various 
directions, but Antarctica must be recognized as one likely 
source of them. This is important here because the other two 
subgenera of Schizaea occur in Madagascar. 

Each of the other subgenera has one species ranging from 
Polynesia to Madaga.scar, and the other species either confined 
to New Caledonia or mostly South American. 

The genus as a whole and all its subgenera are now chiefly 
tropical, only one species falling, in a tropical-storm path, far 
to the North. But the species of Lophidium and of Actinostachys 
in the two hemispheres (eastern and western) must have had 
somewhere a common origin. This may reasonably have been 
where the three subgenera had in turn their common source; 
and Euschizaea is patently antarctic in origin. Also, as to the 
other two subgenera, the old-world range is on the whole south- 
tropical, for the Tropic of Capricorn crosses Madagascar and 
just misses New Caledonia. The fern, flora of New Caledonia 

“Meded. Rijki Herb. Leiden No. 28 (1910) 4. 

“Geographie der Fame (1910) 167: Um so klarer ist es, dass wir hier 
ein Genus haben, dessen Verbreitung rein historischen Ursachen zuzu- 
schreiben ist, das einem alien Ausgangspunkt in der S.-Hemisphare 
•ntsttunmt, und das heute in einem vSllig fragmentfiren Areal vorliegt; 
immerhln so, dass im Norden von S.-Amerika und urn Neucaledonien 
sich sekundfire Formenkreise gebildet haben. 
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has been regarded as an eastern oirtpost of the Malayan, but it 
now appears to be austral (New Zealand) in origin, and that 


migration has been westward 
T%e storm track leads westward 
Species of Lygodkmi 

L, artieulatvm A. Rich. 

L, eireinnaium (Bunn.) Sw. 

Z/. flexuomtm (L.) Sw. 

L, faponieum (Thunb.) Sw. 

L, hiana Fourn. 

L. aoandena (L.) Sw. 

L. retieulatwm Sehkuhr. 

L. trifureatum Baker. 

L. dimorphvm Gopel. 

L. Kingii CopeL 
L. Moszkowskyi Brause. 

L. Veratee^i Christ 
L. digitatum Preal. 

L, aamihaatatum Desv. 

L. baaUanicum Christ. 

L. Mattkawi Copel. 

L. MerrUlii Copel. 

L. MeamaH Copel. 

L. Teyamawnii v.A.v.R. 

L. bomaaTiaa V.A.V.B. 

£/. derivatum V.A.V.R. 

L. polyatackyum Wall. 

L. acdidfoltum Presl. 

L. ecmforme C, Chr. 

L, auharaolatwm Christ. 

L. laneeolatum Desv. 

L, Bowini Kuhn. 

L, Keratenii Kuhn. 

L. Brycai Baker. 

L. Smithianum Presl. 

L. voluhUe Sw. 

L. polymorphum (Cav.) H. B. K. 
L, mexicanum Presl. 

L. heterodoxum Kunze. 

I#, radiatwm. Prantl. 

L, mieana Sturm. 

L. oligoatachyum (Willd.). Desv. 
th euhenaa H. B. K. 

L. paJanatum (Bemh.) Sw. 


ratbBT than toward the Bait* 
on both aides of the equator. 

fNew Zealand 
Qui^neland to India 
Queensland to China. 

Queensland to China, Japan. 

New Caledonia. 

Polynesia to Afriea. 

Polynesia, Australia. 

Melanesia, Banka. 

New Guinea. 

Do. 

Do. 

New Guinea, Luzon. 

Philippines, JAalacea, 

Philippines, Mariannes. 

Philippines. 

Do. 

Do. 

Do. 

Pulo Pisaner. 

Borneo. 

Linsrga. 

Malacca, Tenasserim. 

India. 

Tonkin, Hongkong. 

China. 

Madagascar, Comores, East Africa. 
Madagascar, Comores, East and 
South Africa. 

Madagascar. Comores. Eaat Africa. 
Rhodesia. 

East Tropical Africa. 

Tropical America. 

Do. 

Do. 

Venezuela to Mexico. 

Colombia to Guatemala. 

Guiana, West Indies. 

West Indies. 

Cuba. 

Atlantic United States. 


As the species of Lygodivm are presented in the foregoing 
list, they present a clear picture of a genus which, although now 
almost wholly tropical, once emigrated from Antarctica all 
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three of the flrreat poseible routes. Although no species survive 
in far-southern America, no other common source of the Amer- 
ican and old-world species can be supported with any plaus- 
ibility. The one isolated northern species may be regarded, 
like Sehizaea piteiUa, as a plant picked up where Lygodium 
thrives, but deposited far from its fellowship by <me of the 
tropical hurricanes which at intervals sweep up the Atlantic 
coast of the United States; or it may be a sole survivor of a 
flora antedating the Antarctic emigration. 

The species of Lygodium form natural groups, but there is 
no such uniform agreement about these as in the case of 
Sehizaea, Whatever character serves as the basis of primary 
classification, the resulting groups are well represented in both 
eastern and western hemispheres. Prantl, followed by Diels 
in Die NatUrlichen Pflanzenfamilien, recognized three major 
groups: (1) Palmaia, including L. articuUitum (New Zealand), 
L. dreinnatum (Queensland to Ceylon), and L. radiatum (Co- 
lombia to Guatemala) ; (2) VolubUia, including L. seandena 
(with wide paleotropic range), L. Umceolatum (Madagascar, 
and other localities), and L. volvhUe (tropical America); (8) 
FUxuosa, including L. fiexuosum (Queensland to China), L. 
Karstenii (Madagascar, and other localities), and L. polymor- 
phum (throughout tropical America). 

Thus the argument as to the origin of the genus applies with 
the same force to every major group of species. The groups 
existed in Antarctica before the dispersal from that region. 

Fossil Lygodium is reported from Europe in the Cretaceous, 
Eocene, and Miocene. I do not guess at the subsequent history 
of these old European Lygodia; no plant in the genus survives 
in or near Europe. Lygodium as it exists today is more than 
probably of Antarctic origin. 

Mohria, whether one polymorphous species or several similar 
species, is found in Africa from the Cape to the equator, in 
Madagascar and in the Mascarenes. It might be autochthonous 
in that region; but it is simpler to regard it as Antarctic; since 
it must have had a common source with the other genera of 
its family, we ascribe their evolution to Antarctica, and can 
regard Antarctica as the normal source of a South African 
plant. 

In Anemia 91 species are recognized, of which 86 are Amer- 
ican, reaching beyond the Tropics, with 1 species each in Florida 
and Texas, and several in southern Brazil. The others are one 

IMS4 1 
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in South America and Madagascar, 8 endemic in Madagascar, 
•nd one in Abyssinia and India. This distribution has served 
as a remarkable illustration of the connection of the floras of 
South America and eastern Africa and Madagascar. It would 
be as easy to believe that the connection was by way of Antarc- 
tica, as that it was direct; and after it becomes probable that 
the other genera of the family were once Antarctic, the necessity 
of a common source of all the genera makes the distribution of 
Anemia serve as additional evidence. The genus has undergone 
very active recent evolution in South America. 

Considering that the distribution of all the genera, and all 
the species of the family with one possible exception, can be 
explained by imputing an Antarctic origin to the family, and 
that the distribution of Anemia and Lygodium and of their sub- 
genera or groups of species fairly demonstrates this origin, 
we may, with more than reasonable confidence, regard the 
extant Schizseacese collectively as migrants from Antarctica. 

Family 5. Gleicheniaceas . — Gleicheniacese consists of 2 genera 
(or better, 5), and includes 120 species, of which the Index 
places 1 in Stromatopteris, and 119 in Gleichenia. The latter 
fall into 4 subgenera, to which I prefer to give generic rank, 
as Christensen does in the latest expression of his views. The 
argument is the same, whatever the rank given to the groups. 

Gleichenia in the stricter sense (9 species), Platyzoma (1 spe- 
cies), and Stromatopteris constitute a closely related group, 
small enough so that the species may be listed, to show their 
positively southern character: 

GMehenia polypodioidea Sw. South Africa, Madagascar, Ams- 
terdam Island. 

0. eiretniuiia Sw. New Zealand, Tasmania, Australia, 

New Caledonia, Borneo, Malacca. 

6. diearpa B. Br. Tasmania, Australia, New Caledo- 

nia. 

O, atpina R. Br. New Zealand, Tasmania, Samoa. 

G. rupeaMa R. Br. Australia, New Caledonia. 

G. vulcaniea Blume. Malaya. 

G, paltophora Copel. Mindanao. 

G. tnadayaaearieruia C. Chr. Madagascar. 

G. Boryi Kunze. Reunion. 

Platyzoma microphyllum R. Br. Australia. 

Stromatopteria moniliformis Mett New Caledonia. 

The Antarctic origin of this group of genera is too obviously 
probable to require any argument. 
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The other 2 genera are Dieranopteris with a few species, and 
Sticherus with nearly one hundred. Dicranopteris is typified 
by D. linearis (Burm.) Und., common throughout the Oriental 
Tropics and in New Zealand. Its American vicar is D. pecti- 
nate (Willd.) Und. Once the idea is familiar, it is easy to 
recognize a genus in the Tropics of both hemispheres, and sur- 
viving as far south as New 2^1and, as being Antarctic in 
origin. 

TTie type of Sticherus is the Malayan S. laevigata (Willd.) 
Presl. There are many species in all tropical lands, and at 
least two range northward to Japan. The southern character 
of the genus is strongly emphasized by the presence of 5 species 
in southern Chile, 1 of them in the Falkland Islands and 1 in 
Juan Fernandez; 3 in New Zealand, 1 of them and 1 other in 
Tasmania; 1 in South Africa, and 1 in Madagascar, the Sey- 
chelles, and the Mascarenes. The northward distribution is 
unbroken along every path of migration into the Tropics. The 
Chilean, New Zealand, and South African stragglers along the 
way point out more than sufliciently the common source, still 
farther south, of the many species of the Tropics, Oriental and 
American. 

Summing up: All genera of Gleicheniacese having more than 
one species give individual evidence of Antarctic origin, and 
the monotypic genera are found where an Antarctic origin is 
easy to assume. As a component of the living flora, this family 
is entirely Antarctic at some stage of its history. 

Family 6. HymenophyUacese . — I have presented the evidence 
concerning the Hymenophyllace® elsewhere and it will suffice 
to summarize it here. I recognize 32 genera, in contrast with 
the 4 (and 661 species) in the Index. Of these, Hymenophyllum, 
Meringium, Meeodium, Sphaerocionium, Vandenboschia, Seleno- 
desmium, and Didymoglossum occur in both hranispheres (east- 
ern and western), and all have far-southern extant species. 
There survive also, in the far South only, Cardiomanes, Polyphle- 
bium, and Apteropteris in New Zealand, and Serpyllopsis, Hy- 
menoglossum, and Leptocionium in subantarctic America. 
There are other genera in only one hemisphere, with their ap- 
propriate southern representatives. And the genera confined 
to toe Tropics are regarded as derived from specified genera 
of evident southern origin. 


“Philip. Journ. Sci. 67 (1988) 1. 
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These filmy ferns are particularly dependent upon humidity. 
If humid regions only be considered, the number of their species 
in proportion to all fern species increases steadily with south 
latitude, from less than one in one hundred norHi of the Tropic 
of Cancer to one in twelve in the Tropics, one in five in New 
Zealand, and one in three in Stewart Island. In Joan Fernandez 
they are not quite one in three, but may exceed half in the 
Falkland Islands. This seems to suggest that in old Antarctica 
the Hymenophyllacese were fairly comparable in numbers with 
the PolypodiacesB. The latter also are largely of the same 
origin, but the Hymenophyllaceae have fallen behind, for two 
reasons : They are relatively incapable migrants ; and have been 
relatively inactive in recent evolution in the Tropics. 

No other plant family of its size and diversity is quite so 
conspicuously Antarctic in origin as this one. 

Family 7. Polypodiacese. — The families so far discussed have 
been evident phyletic entities, “natural families.” The com- 
ponents of each could therefore be assumed to have a common 
ancestry and a specific common place of origin. The Polypo- 
diacese, as usually limited, excluding Dicksonia, Cyathea, and 
Matonia (if these are excluded, so should be Plagiogyria) , are 
not a natural family, though they are an easily defined one. 
Quite certainly, their genera represent three freely branched 
phyletic lines of distinct outside origin, related respectively to 
Dtckeonia, Cyathea, and Matonia, usually treated as representing 
two or three distinct families. In an attempt to make the 
family natural, that is, to make it have a single outside ancestral 
source, I made it include the genera mentioned; and may not 
even then have succeeded. Each of these genera has a large 
number of related genera, “cousins, brothers, descendants, and 
nephews.” Not all Polypodiacem fall evidently into any of these 
three groups, but moat of them do. Not knowing a common an- 
cestor of the three, I cannot try to assign it a place in geography; 
and at any rate, such a common ancestor would have to be 
sought farther back in time than I suppose the major evolution 
of ferns in Antarctica, and the migration thence to have occurred. 
The three will therefore liave to be considered in succession. 

The PolsrpodiacesB, whatever the scope of the family, are re- 
garded as the “highest,” most modem ferns, those of most 
recent evolution. As to many genera confined to their several 
limited regions, this is altogether true; they evolved where they 
are, so recently that the time they have had limits their range. 
As to the family as a whole, it has been assumed to have passed 
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its evolution through stages to which those of the Schizseacese 
and Gleicheniacese correspond. If this meant that they were 
descended from these families, we could conclude directly that 
they must have a common source in geography, that the Poly- 
podiacese collectively are also of probable Antarctic origin. 
However, the sounder opinion is that a common ancestor of the 
families lived so long ago that present distribution can give us 
no clue to the region it inhabited, if, indeed, there was any one 
definable region. This leaves us to test IHcksonUi and other 
primitive Polypodiacese as we did Schizaea, to see if the present 
distribution of the species indicates a definite common source. 
By this time we are justified, however, in approaching the 
problem with some prejudice; because we know now that evolu- 
tion in Antarctica and migration thence are responsible for 
the distribution of many ferns, and that the conditions respon- 
sible in their cases may well have operated similarly with those 
still to be considered. 

In Dicksonia the distribution of the species is; 

New Zealand, 3 ; Tasmania and Australia, 1 ; New South Wales 
and Queensland, 1; New Caledonia, 3; Fiji and Samoa, 1; New 
Guinea, 4 ; Malaya, 1 ; in ail, 14 radiant along the New Zealand- 
Tasmania path. 

Juan Fernandez, 1; Peru, 2; Equador and Brazil, 1; Colombia 
and Central America, 3 ; Mexico, 1 ; in all, 8 along the Andean 
path. 

Saint Helena, 1. 

This distribution can by this time speak for itself. 

Genera related to Dicksonia and about equally advanced in a 
morphological sense are Thyrsopteris and Cibotium. Thyrso- 
pteris has one species, endemic, on Juan Fernandez. As Juan 
Fernandez can hardly have evolved so peculiar a fem, its most 
reasonable origin, as a Juan Fernandez fern, is Antarctica, 
whether directly or through southern Chile. European fossils 
have been referred to this genus, but Juan Femande?, was 
not colonized from Europe, — before Robinson Crusof , 

Cibotium has 8 species in Malaya and China, 4 in Hawaii, 
and 5 in Mexico and Central America. One will not hastily 
use a genus without a species south of the Tropica as evidence 
of Antarctic origin. Still, the strangely discontinuous distri- 
bution must have an explanation, and the fem flora of Hawaii 
is almost wholly of southern origin. It may be that the story 
of Cibotium began too long ago for its scene to be guesaed at; 
but if we do try to determine its history from its distribution. 
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the most reasonable theory is that it reached its present isolated 
stations from the South. 

Ctdcita seems to stand between Diekaonia and Dennataedtia. 
It has 1 species in Australia, 2 in western Polynesia, 8 in Ma- 
laya including Luzon, 1 in Formosa, 1 in tropical America, and 
1 in the Atlantic Islands. It has lost its far-southern connec- 
tions, but its discontinuous distribution, taken with its affinity 
to Dicksonia, indicate such an origin. 

The preceding 4 genera are sometimes treated as belonging 
in a separate family, Dicksoniacese. However, Dennataedtia, 
clearly related to Cuicita, is always included in Polypodiaceae. 
It is a genus of 70 species; and Microlepia, which blends with 
it, has 45. Nearly all are tropical. One species is in the United 
States, and several reach Japan, but these are not so related as 
to suggest an old northern connection. In the other direction, 
D. glauca (Cav.) C. Chr. ranges from lower Chile to Bolivia; 
D. davallioides (R. Br.) Moore is in Tasmania and Australia; 
M. Pinckneyi (Col.) C. Chr. is in New Zealand; and M. madagaa- 
cariensis is where its name indicates. M. Speluncae (L.) Moore, 
in both New Zealand and Madagascar, has spread over all 
tropical lands. Dennataedtia is reported by Berry in the up- 
per cretaceous of Patagonia. Aside from the fact that their 
relatives suggest a southern origin, this is the simplest explana- 
tion of the range of these 2 genera. Their recent evolution 
in the Tropics has been active. 

Hypolepis and Paeaia are so near to one group of species in 
Dennataedtia that my Bagobo botanist friend .^gat gave one 
name to the three, though he had another name for another 
Dennataedtia, and accurately distinguished by name an amazing 
number of ferns. Hypolepis has 46 to 50 species, half of them 
in the American Tropics, without surviving Chilean representa- 
tives. In the old world the paths from the South are still well 
marked. South Africa has 2 species, one of them reaching the 
Mascarenes and Fernando Po; another is in Abyssinia; and H. 
punctata is found on islands on both sides of Africa. New 
Zealand has 6 species, of which H. dickaonioidea (Bory) Hooker 
reaches to Australia and Polynesia; H. rugoatda (Lab.) J. Sm., 
farther into the Tropics; H. tenuifolia (Forster) Bemh., to 
China; and H. punctata (Thunb.) Mett., to Japan. The path 
of migration remains peopled by more local species, — H. elegana 
Carr, on Lord Howe, Aneityum, and Fiji, others in New Cale- 
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donia, New Guinea, Malaya, the Philippines, and Formosa. One 
species is endemic in Hawaii. HypolepU conforms to the pic- 
ture of an old Antarctic genus now at home chiefly in the 
Tropics, but with two of the paths from the South still oc- 
cupied. 

Paesia has 1 New Zealand species, said to be in New Guinea 
also, 1 in New Caledonia, 1 endemic in New Guinea, 2 in the 
Philippines, 1 in Sumatra, 2 in Tahiti, and 4 in America, from 
Peru to Jamaica. On its small scale, the story is the same as 
that of Hypolepis. 

Nearly enough related to Paesia to have sometimes been 
united with it is Pteridium, the bracken, one of the most cos- 
mopolitan ferns. It occupies paths of migration from the South, 
and must have lived in Antarctica, but that may or may not 
have much to do with its present distribution. Another relative, 
Histiopteris, has a few local derived species and one, H. ineisa 
(Thunb.) Ag., is pantropic in present distribution, but also in 
so many far-southern lands that its Antarctic origin is hardly 
questionable. Another relative is Lonehitis, including Aniso- 
aorus of the Index. It has 11 species: 6 in the American 
Tropics and 6 in Africa, especially developed in the South 
and in Madagascar. It may evidently be of Antarctic origin, 
and is best so regarded because it must share its origin with 
its relatives. 

We come now to Pteria, a genus of 269 recognized species. 
As is true of all really large genera, its great wealth of species 
is in the Tropics. The species with reticulate venation consti- 
tute a subgenus, Litobrochia, nearly related to Lonehitis, which 
I regard as the more primitive element of the genus. Lito- 
brochia has two New Zealand species, one endemic, the other, 
P. comans Forster, being found also in Tasmania and Juan 
Fernandez, as well as in Polynesia. It thus survives to mark 
the paths of migration into the Tropics of both hemispheres, 
where there are many other species of more restricted range, 
and so presumably younger. 

Eu-Pteria, with free veins, contains several groups, perhaps 
independently related to Litobrochia^ P. cretica L. is in New 
Zealand and South Africa, ranging northward to Japan, the 
Mediterranean, and into the United States. P. vittata has the 
same old-world range. P. tremula R. Br. is in New Zealand, 
Tasmania, and doubtfully in South Africa. Each of these 
three represents a natural group of species. P. chilenais is in 
Chile and Juan Fernandez; there are 2 other Chilean species. 
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P. paleaoea is eodemic in Sants Hekma. A genus with about 
260 species in the Tropics, and 5 confined to the far South, 
might be presumed to be tropical in origin. When, however, 
we consider the probability tibat the forbears of Pterie were 
Antarctic, and the fact that most wide-ranging, and therefore 
probably oldest and most primitive species of the several 
groups still exist in the South, we recognize the southern 
survivors as laggards along the path of migration, and con- 
clude, too, that the differentiation of the groups preceded the 
northward migration. The present multitude of tropical spe- 
cies merely demonstrates the use of the recent and present 
opportunity for evolution under perfect and diversified climatic 
conditions, with ample room. 

Adiantum, with 226 species, is the other large genus of this 
alliance. It is more isolated (without near relatives), and 
therefore presumably older. It has a disproportionate number 
of southern species, 12 in Madagascar, 7 in New Zealand. A. 
eeabrum Kaulf. and A. eulphurewm Kaulf. represent it in 
southern Chile, and A. tenerwn Sw. in Juan Fernandez. A. 
aethiopicum L. is in South Africa and New Zealand, but does 
not range far north. A. hiepidvluin Sw. is in the same southern 
lands, but is distributed as continuously as land and climate 
permit from both of them to India. There are also a few dis- 
tinctly northern species, notably A. pedatum L. The reasonable 
conclusion is that Antarctica has played a major part in the 
history of today's Adiantum, but that the genus may include 
dements surviving from other floras and from an age prior to 
the great dispersal from the South. 

The fondness of gardeners for Adiantum is based jointly on 
its beauty and on the ease of reproducing it by spores. Some 
thirty years ago, Dr. W. R. Shaw, in work never published, un- 
dertook to grow in the laboratory a large number of Philippine 
ferns. The spores of every common fern, and of almost no 
rare fern, germinated for him. This should go far to explain 
why some ferns are common and others rare, a phenomenon 
too completely ascribed to other factors,— climate, exposure, 
soil, age. Every tested Adiantum germinated, and its spores 
are evidently exceptional in vigor and viability. The spores of 
A. phUippense L., common about Manila, were probably brought 
inadvertently to Acapulco by the galleons. It is now well estab- 
lished in southern Mexico, and has reached Central America. 
This matter of the viability and vigor of the spores, as far as 
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we are informed about it, should be taken into account in any 
study of the significance of distribution. The time which per- 
mits an Adiantum to acquire a wide range might leave a Cyathea, 
difficult to cultivate by spores, still almost local. 

Going back to Denmtaedtia, another revolutionary line leads 
to Lindeaya, a genus of 159 species, with the same distribution 
picture as Dermataedtia. It has 5 New Zealand species, and 7 in 
Madagascar. Its related genera are similarly distributed. Sev- 
eral other groups of genera are traceable back to the Dickaonia 
group, and present essentially the same present map as the 
cofirdinate groups already discussed. The itemization of the 
evidence, and repeated drawing of the same conclusions, become 
too monotonous: and the validity of the argumont ceases to 
gain strength by repetition, once it is well established. 

There is, however, one group of very many genera which 
presents distinct problems, that of CheUanthea and its relatives, 
to which the genera often treated as a tribe typified by Gymno- 
gramme are related by so many ties that all, together, must 
constitute one natural alliance. Christ aptly characterized these 
as the xerophilous ferns, the ferns of dry lands. There is evi- 
dence enough for the southern origin of the group as a whole. 
But this evidence would become perfect, as in the ca.se of the 
Hymenophyllacese, only if the several genera were shown to be 
Antarctic in origin, thus fixing Antarctica as the place of their 
evolution. I cannot do this for the group in, question, because 
there is no sound agreement as to what the genera are. The 
large cheilanthoid genera of the Index are not such in any proper 
sense. CheUanthea and Pellaea are unnatural aggregates of 
genera, as is probably true of Gymnogramme, and certainly 
of Notholaena. 

Such a study as this may be most helpful in determining 
the real genera. For, the morphologist can never draw a con- 
clusion as to the relationships of a plant without at the same 
time postulating its history. His ultimate subject is phylogeny; 
and where this field is still dark, a little light from the side of 
history may make its exploration easy. The presumption that 
the differentiation of the genera occurred in the far South, and 
that they migrated northward along a few known, paths, may 
provide this light. A decade ago ” I outlined the phylogeny of 
the typically oriental genera, but abstained from speculation 

"The Oriental Genera of Polypodiace®. Unlv. Calif. Publ. Bot. (1928). 
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as to the relatives of CheUanthee, believing that their evolution 
had taken place in America. Subsequent study of American 
ferns has cleared up only minor details. Now I conclude that 
this differentiation of the principal genera did not take place 
in America, either. Unfortunately we have not the ferns of 
oligocene Antarctica, but a study of the survivors along the paths 
of migration is still inviting. 

To summarize as to the dicksoniid ferns ; Their general evolu- 
tion occurred in Antarctica. The principal genera were dif- 
ferentiated there, and their present representatives are migrants 
thence, or the descendants of migrants. This accounts for 
roughly one-Mth of all Polypodiacese. 

In Cyathea must be included very nearly, but not quite, all 
of the species of AlsophUa and Hemitelia rather than be left in 
those genera, making Cyathea a genus of about 760 species. 
Lophosoria, one variable species, and Metaxya, one species, are 
clearly distinct and primitive. The tree ferns as a whole await 
the study which may show how they can be broken up into 
natural genera of convenient size. This leaves us where we 
were with the Hymenophyllace® divided into 2 genera only 
and their Antarctic origin not suspected. There is no such pro- 
portion of far-southern to tropic^ species in Cyathea as there 
was in Hymenophyllum, because the current evolution of the 
tree ferns is exceedingly active, a very large part of the recog- 
nized species being strictly local. Still, the southern character 
of the group is clear, in broad lines if not in detail. A few 
species pass the Tropic of Cancer in Formosa, and one reaches 
Japan proper. As far as numbers go, just within the Tropics, 
Madagascar’s 29 species are offset in Luzon, but there are two 
significant differences: Luzon is open to free colonization from 
the South, while Madagascar is comparatively cut off from the 
North; and one of the groups susceptible of generic status is 
confined to Madagascar. More significant in the latter way is 
the abundance in southern Chile and Juan Fernandez of Lopho- 
soria (which ranges northward to Mexico), a primitive member 
of the group. New Zealand has seven species, and at least four 
more are extratropical in the same region. 

No ferns are suspected of descent from Cyathea. Never- 
theless, about one-third of the species usually included in Poly- 
podiacee seem to have a common ancestor with it, to be much 
nearer to it than any other comparatively primitive ferns, and 
therefore likely to have the same origin in ancient geography. 
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Four important genera are nearly related in their more primi- 
tive representatives: Dryopteris, Polyatichum, Athyrium, and 
Cystopteria. Cyatopteria fragilia (L.) Benth. is conspicuously 
common in the far South and about equally so in the far 
North. It is too perfectly cosmopolitan for its distribution 
to present evidence for anything except that it spreads with 
facility and is not very new. 

Dryopteria, 1,213 species in the Index, is an assemblage of 
genera that must be segregated in their entirety before they are 
ready for use in a study based on distribution. This genus also 
is found in the Upper Cretaceous of Patagonia. I have little 
doubt that the group as a whole is of southern origin; but, as 
in the case of Cheilanthea, will suggest this as a point of view 
in the study of the group, rather than attempt a detailed argu- 
ment while I am not sure of the genera to which the southern 
species should be assigned. 

Polyatichum, 226 species, is a smaller collection of potential 
genera, in part so near to a part of Dryopteria that species are 
constantly shifted back and forth, not as a matter of definition, 
but because their nearer affinity is in doubt. The species are 
most numerous in and near China, evidently the center of great- 
est recent evolutionary activity. This recent activity, though, 
is in the least primitive section of the genus, that with simply 
pinnate fronds, represented in the South only in South Africa. 
The most compound element in the genus, nearer to Dryopteris, 
is represented by P. adiantiforme (Forster) J. Sm„ in New 
Zealand, the Cape, Chile, and Juan Fernandez. P. ariatatum 
(Forster) Presl. is in Natal, New 55ealand, Rapa, and Pitcairn 
in the remote South Pacific, and ranges northward to Japan. 
The cosmopolitan group of P. acvleatum, — ^that species itself 
in South Africa,— is the best represented in the far South, 
P. mohrioidea (Bory) Presl is a typical survivor of the An- 
tarctic flora, in Antarctic America and all neighboring islands, 
Tristan da Cunha in the middle South Atlantic, and Amsterdam 
and Saint Paul islands in the southern Indian Ocean, with a 
northward range only to Peru. P. vestitum (Forster) Presl 
is in Tasmania, New Zealand, and Antarctic America. In all, 
Chile has 9 species, besides one in Juan Fernandez; New Zea- 
land, 7; South Africa, 6; and the tiny island of Rapa, well out 
of the Tropica and two thousand miles east of New Zealand, 
has 3. The case for an Antarctic origin of Polyatichum is so 
clear that the evidence has long been familiar, even to those hes- 
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itant to draw the obvious conclusion. The origin of PolyeUehum 
being established, the necessity of a conunon geographic origin 
for Polyetiehum and Dryopterie helps to fix that of the latter 
genus. 

A considerable number of genera are dryopterid in ancestry 
and must therefore have a common old geographic center. 
Some of these indicate it by their distribution. But the argu- 
ment is not impaired by others which do not, being evidently 
younger, evolved since the dispersal, in the regions to whi(A 
they are still confined. The listing of the genera, with the re- 
spective ihguments, would be superfiuous. 

Athyrium, if Diplazium be included, is a goius of 568 species. 
It is so in need of revision, and of the recognition or discovery 
of the component natural groups, that I content myself here 
with indicating its probable or assumed affinity to Dryopterie 
and Blechnum, and the consequent necessity of a common geo- 
graphic origin. 

Blechnum, 180 species, is one of the most obviously austral 
genera. It is the only large genus which, in spite of the dis- 
parity of the land areas, still has many more species (131 to 
78) south of the equator thap north of it. Significant species 
are B. attenuatum (Sw.) Mett., in South Africa and New South 
Wales; B. tahvlare (Thunb.) Kuhn, in South Africa and South 
America, even to Desolation Island; B. australe L., in South 
Africa and several far-southern islands; B. lanceolatum (R. 
Br.) Sturm, in Chile, New Zealand, and Tasmania; and B. 
Pentia-marina (Thunb.) Kuhn, with circumpolar distribution 
missing few possible spots. In all. South Africa has 8 species, 
Antarctic America 16 besides 3 endemics in Juan Fernandez, 
and New Zealand 15. Farther along a main route of migra- 
tion, New Caledonia is remarkably rich in this genus. 

Remarkable in a group so predominantly southern is the north- 
ern circumpolar range of Blechnum epicant L. Blechnum is 
not a young genus, and may be a remnant of a flora as old as 
the Cretaceous, — ^that is, “pre-Antarctic.” Or, even this spe- 
cies may possibly be of southern origin, along with its 
congeners. The time between the great migration from An- 
tarctica, Miocene at the most recent, and the refrigeration of 
the North which made the present distribution of B. epicant 
somewhat discontinuous, could easily have permitted a fern 
particularly able to migrate to reach the neighborhood of the 
other pole and spread over that region, while the climate there 
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was the same it had evolved in adaptation to in the South. 
B. spicant and B. Penna-marina are near relatives. 

The huge genus Asplenium, 664 species after the removal of 
Loxoacaphe, is a collection of groups of species, very badly 
in need of revision. Some of these groups are manifestly of 
southern origin; others not so evidently so, but presenting no 
evidence on the other side. It has always been assumed to be 
nearly related to Athyrium. If this be so, it is a younger 
genus; and unless both date from some such period as the 
Cretaceous, it must be wholly of southern origin if Athyrium 
is so. I think it probable that Aaplenium is wholly southern, 
but would not like to rest the case on its afBnity to Athyrium. 

What is true of Asplenium must be true, even if indirectly, 
of the genera derived from it. As to some of them, Steno- 
chlaena and its apparent relatives, and Diplora, this looks 
probable from their own distribution. Others, such as PhyU 
litis, are newer, evolved since the dispersal, even if old enough 
to have their present range influenced by the northern gla- 
ciation. 

To sum up on the Cyathea-I>ryopteri8-Athyrnm series of 
genera; some of them are positively Antarctic in origin; others 
are probably so. Chiefly because the really natural genera com- 
bined at present in Dryopteria, Asplenium, and others are too 
insufficiently understood to serve the purpose, the evidence is 
hardly as complete and perfect as it is for the dicksoniid series ; 
but it is good enough to make highly probable the southern 
origin of the group as a whole. More than one-third of all 
fem species are in this series. 

Polypodium and its relatives constitute the third great group 
of genera in this family. They are believed to be descended 
from ancient ferns now most nearly represented by Dipteria, 
or, still more primitive, by Maionia, and may be called the 
Matonia-Dipterie-Polypodium series. Fossils of ferns believed 
to be near the living Matonia and Dipteris are known in the 
North, and it is not known that either of these was ever in 
the South. Polypodium itself, typified by P. vulgare L., and 
including many species which have been called Goniophlebium, 
must, by the criteria we have been using, be regarded as a 
northern genus. However, there is no presumption that the 
taxonomic type represents the genus in any other respect; and 
the great genus Polypodium of the Index, with 1,127 species, 
includes elements which seem to be immigrant to the Tropics 
from the South. 
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Grammitie, a remarkably uniform genus of about 126 species, 
is one of these. The species known only from south of the 
equator, about 65, outnumber those known only from north of 
it, about 85, and ranging across it, about 25, together. It has 
one circumpolar species, G. Billardieri Willd., in New Zealand, 
South Africa, Antarctic America, and several Antarctic islands. 
The genus migrated northward by the three great routes, some 
16 species being American, about 90 Oriental, and nearly 20 
African (including islands) ; and no species except G. Billiar- 
dieri is common to two of these. The case for its Antarctic 
origin is plain enough. 

Loxogramme, 36 species, is very nearly related to Grammitie. 
It inhabits less humid woods, and therefore its spores pass more 
readily into free air; therefore, its species are in general less 
local, — the difference in this respect is very marked. Migrating 
easily, Loxogramme has passed Grammitie, and becomes a genus 
of the northern Tropics, with a number of species beyond the 
Tropic of Cancer, even in Japan. A single species, L. Dictyop- 
teris (Mett.) Copel., survives in New Zealand. Four species 
are African, perhaps immigrants via the Cape, perhaps from 
Malaya. A single American species is Mexican, and I regard 
it as of recent Japanese origin. 

The case of Loxogramme illustrates the control of judgment 
by the point of view. If the assumption were that ferns are 
a northern group, Loxogramme, with 16 species known only 
north of the equator and 6 only south of it; with 6 species known 
in and north of Formosa, and 1 in New Zealand, and with this 
one interpreted then as migrant from the Tropics with most 
other New Zealand ferns ; — Loxogramme would conform per- 
fectly to the assumption. On the other hand, recognizing Loxo- 
gramme as a near relative of Grammitie, and Grammitie as a 
southern genus; interpreting the difference in distribution to 
the north as a natural result of a difference in facility of 
migration, which I know on other grounds to exist; knowing 
that the Japanese region has been populated on a great scale 
by ferns from the South; believing that no fern has reached 
New Zealand from the Tropics in a million years, and that this 
can be so only because migration to New Zealand from the North 
is effectively impossible, I fit Loxogramme into my picture of 
a fern world of far-southern origin. 

Several smaller genera of this series are clearly Antarctic 
in origin; such are Synammia and Dictymia. Others are of 
more recent evolution, with Antarctic forbears; this is the ap- 
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parent case with Sclerogloaaum and Calymmodon. Of larger 
genera, Cyclophorua with 100 species, and Ctenopteria with 200, 
are more than probably austral in ancestry. The largest genus 
of this series, after Polypodium is broken up, is Elaphogloaaum. 
Several items of evidence indicate that it too has come to the 
Tropics from the far South. ,A natural grouping of its more 
than 850 species is necessarj’^ before this becomes a conclusion 
instead of a probability. 

To sum up as to the Matonia-Dipteria-Polypodium series: 
There is good evidence for the Antarctic origin of about half of 
the species. As to the others, or most of them, the evidence of 
present distribution is compatible with this idea, but has less 
affirmative value. And even as to Polypodium, distinctively 
northern now, I have already pointed out that time, which has 
not yet permitted ferns of little expansive power, like the 
H 3 mienophyllace 82 , Cyathea, Dickaonia, and Grammitia to reach 
northern lands, was quite sufficient to permit more capable 
migrrants to become established there long ago. However, Poly- 
podium is probably no such capable migrant as Adiantum, 
Dryopteria, and Athyrium. 

Family 8. Maraileacese . — The family Marsileacese includes 
8 genera; Marailea with 67 species, and Pilularia with 6, both 
of world-wide distribution, and the third known only in south- 
ern Brazil. These are aquatic ferns, with sporocarps too large 
to be wind-borne, and spores of the briefest vitality once they 
are exposed. Migration to any distance is probably dependent 
upon birds. The southern origin of Marailea is indicated by 
the fact that more than half of all known species are African, 
24, and Australian, 16. Of the 6 species of Pilularia, one 
ranges from Chile to California; one is endemic in New Zea- 
land; one in Tasmania and Australia. Comment is unneces- 
sary. Bower relates this family to the Schizseacese, and the 
evidence of distribution points clearly to the same old common 
home. 

Family 9. Salviniacex . — The family Salviniacese includes 2 
genera : Azolla, 6 species ; Salvinia, 10. These are floating 
aquatics, with smaller sporocarps, more readily carried by 
birds: the species, accordingly, are of wider range than those 
of the Marsileacese. Azolla filicidoidea Lam. is in Chile, Ar- 
gentina, Brazil, and California. A. pinnata R. Br. is in Aus- 
tralia, ranging to Japan and Africa. A. rubra R. Br. is con- 
fined to New Zealand and Australia. These being half of the 
species in the genus, it may be concluded that the genus was 



186 The Philippine Journal of Seienee tm 

Antarctic, and emigrated by at least two routes. As to Sal- 
vinia, the species are largdy tropical, but so scattered that 
no conclusion may be drawn from present distribution and 
ranges. 

This ends the canvass of the families, and brings us to the 
conclusion that more than half of the living fern species are 
descendants of migrants from Antarctica. The geologist tells 
us that such migration from Antarctica itself ceased by the 
Miocene; it might have occurred indefinitely earlier, but there 
is nothing in present distribution which demands an earlier 
date. While the migration from Antarctica ceased at such a 
time, the plants then established outside Antarctica continued 
to multiply, to evolve new species and new genera, and to spread, 
northward, and fanwise, as wind carried the spores and there 
was fit land to receive them. And these processes of migration 
and evolution still go on. The evidence adduced applies to more 
than half of the living ferns. No comparable evidence indicates 
any other particular origin for one-tenth of the species. To 
the more-than-half, of fairly demonstrable southern ancestry, 
analogy and apparent affinity will justify the addition of at 
least another quarter. 

Antarctica has played, in its time, a dominant part in the 
evolution of our fern world. This is our thesis. But there are 
corollaries, and incidental conclusions, and new questions in- 
viting further study. The thesis is a new light on pteridology, 
in a measure a new light on the history of plants, and a new 
light brings out things that were dark. The number of New 
Caledonian ferns has long been regarded as remarkable. Bj^t 
when it is realized that New Caledonia is the first island of any 
size with a moist, warm climate along a main line of migration 
into the Tropics, and thus has an old flora as tropical fern floras 
go, it is plainly only natural that it has become rich in species. 
Madagascar, similarly placed on another path, is likewise and 
for the same reason rich in ferns. 

New Guinea has the world's richest fern flora; Christensen 
believes that it will prove to have 2,000 species. Borneo has 
been famous for its wealth of ferns, but no estimate has placed 
its number above 1,000. If Malaya were the center of evolution 
and distribution it has been supposed to be, Borneo should be 
the richest fern land in the world. But when we realize that 
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New Guinea was the first land with ideal and diversified climate 
and laisre enough to favor the free evolution of species, along 
the open path of migration from New Zealand and Tasmania, 
and that therefore it has the oldest great fern flora in the 
Orient, its wealth of species is only what would be expected. 
The old concept of a Malayan flora spreading across New Guinea 
to Polynesia, which I have accepted and presented as one of the 
data of fern geography, was essentially wrong. Between Papua 
and Malaya, fern migration has been from the richer to the 
poorer flora, with the wind, chiefly westward. 

What about migration within Polynesia? Has it been, as 
assumed, eastward, — say from the New Hebrides and the Solo- 
mons to Fiji, Samoa, Tahiti, and even to Pitcairn and Hen- 
derson? Or did Rapa once receive ferns from the South, and 
pass them along to the North and West? 

We have always been rather surprised by the affinity of Min- 
danao and New Guinea ferns, but will be so no longer. As 
climates are today, Celebes being in general drier than New 
Guinea, Mindanao, and Borneo, Mindanao was the most ready 
recipient of spores from New Guinea. We have always seen a 
dominant Malayan element in the Philippine flora. How real 
is it? Did ferns really come from Borneo to Mindanao, as much 
as they went from Mindanao to Borneo? 

A great fern center, of radiation as well as of endemism, has 
been postulated in the Yunnan-Assam region. Is it as import- 
ant as it has seemed to be? Is it *still a sound presumption 
that a fern found here and in Formosa and Luzon originated 
on the continent? This should be tested case by case before 
the presumption is maintained. It may be correct as to 
Plagiogyria, and not as to Cheilanthes. The foregoing are but 
samples of the questions that arise or are revived. 

The conditions of fern dissemination have been assumed more 
than investigated. They have to be considered in such a study 
as this, and surely ought to be studied themselves. Limited 
vitality of the spores has been assumed to limit the possible dis- 
tance of flight over the sea, even to the point of postulating old 
land connections to explain the presence of Hymenophyllacese 
on remote islands. I rate this as in general a minor factor. 
But I do not understand the northern occurrence of one and 
only one Schizaea; Schizaea inhabits exposed places, whence the 
spores should be taken up readily by the wind. 

3288 4 ’«’»*"* " C 



188 


The PhiUppine Journal of Scimee 


The light which the southern origin throws on questions of 
tvconomy has already been suggested, but it opens too large a 
field for elaboration here. 

What is true of as great and diversified a family as the Filices 
may be expected to be equally true of some other large families. 
The Proteacese are a recognized case. It might well pay to 
examine the Rosacese, Bubiaceee, and Orchidacees as to distribu- 
tion and history. 

Finally, it is fit that I disclaim anything more than I have 
said. Ferns existed well over the world longer ago than I 
would try to explain their presence as emigrants from An- 
tarctica, and must be supposed to have maintained continuous 
existence elsewhere. TUs being so, the preponderance of 
ferns of apparent Antarctic origin in the world today is sur- 
prising indeed. 



ILLUSTRATIONS 


TEXT FIGURES 

Fig. 1. The Pacific Ocean. 

2. The region around the South Pole. 




MARINE DIATOMS FOUND IN WASHINGS OF SEA 
WEEDS FROM FUKIEN COAST 

By T. G, Chin 

Of the Marine Biological Station, University of Amoy, China 

The 6 samples listed below were collected from Fukien Coast. 
Samples 1 to 5 were collected in Amoy and its vicinity, while 
sample 6 was collected from Haitan. Altogether 68 species 
were found in washings of different species of sea weeds; 16 
species were newly recorded for China Coast ; 3 brackish- 
water and 2 fresh-water species were found, since the inland 
fresh water easily reached the collecting ground. The new 
and rare species found will be described later. 

Melosira moniliformis, Coscinodiscus lineatus, Coscinodiseus 
excentrieus, C. radio, tus, Arachnoidiscus omaius, Grammato- 
phora marina, and Achnanthes hrevipes were the most common 
and most abundant diatoms obtained from sea weeds. 

Sample 1 . — Collected from Nantaiwu, south of Amoy, April 
28, 1936. Ten species were found. 

Sample 2 , — Collected from Nantaiwu, south of Amoy, July 
18, 1936. Thirteen species were found. 

Sample 3 . — Collected from Tseng Shu An, eastern coast of 
Amoy Island, June 6, 1936. Twenty-one species were found. 

Sample U . — Collected from itulangsu, southwest of Amoy, 
October, 1937. Thirty-two species were found. 

Sample 5 . — Collected from Song Su, west of Amoy, June* 
1987. Twenty-five species were found. 

Sample 6 . — Collected from Ox Mountain Light House, Haitan, 
May 12, 1937. Thirty-four species were found. 

DIATOMS FOUND 

MBLOSntA JUBRCBNBI Acardh. 

Found in samples 5 and 6. 

MELOSIRA OHANULATA (Bhr.) IUIf«. 

Found in sample 6. 

MBLOSnU MONILIFORMIS (MUII.) Avardh. 

Found in samples 1, 8, 4, 5, and 6. 

PARALIA 8CULATA (Bhr.) Clara. 

Found in samples 1, 5, and 6. 
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P0DO8IBA H0RM0IDB8 (Mont.) Ktttslnr 

Podoeira hormoides (Mont.) Kiitaing, HusTTOT (1928) 288, fig. 128. 

Pound in sample 4. 

ACTIKOCYCLUS EHBBNBBRGI lUlfo. 

Found in samples 2 and 3. 

ACTINOCYCLU8 EBRENBBRGI Tar. CllASSA (W. Sin.) Hntfoilt. 

Actinocyclua Ehrenbcriji var. cr<i6m (W. Sm.) Hustkdt (1929) 629, 
fig. 301. 

Found in sample 3. 

COSCINODISCVS SUBTILIS Ehr«nb.r«. 

Found in samples 2, 3, 4, and 6. 

COSCtNODISCUS LINEATUS Ehrmberc. 

Found in samples 1, 2, 3, 4. and 6. 

COSCINODISCUS EXCENTRICUS Ehrnibwv. 

Found in samples 2, 3, 4, 6, and 6. 

COBCINODtSCtrS NODUUFEB Schmidt. 

Coecinodisctis nodulifer Schmidt, Ai.i-f.n & Cupp (1935) 116, figr. 9. 

Found in sample 2. 

COSCINODISCUS RADIATIIS Ehrcnb.rr. 

Found in samples 1, 2, 3, 4, and 6. 

COSCINODISCUS ASTEROMPHALUS Ehrmbcrs. 

Found in sample 3. 

COSCINODISCUS CURVATULUB Gnwow. 

Found in samples 4 and 5. 

COSCINODISCUS MARGINATU8 ShrmlMnr. 

Found in sample 4. 

dOSCINODIBCUS JANIBCBII Schmidt. 

Found in samples 4 and 5. 

COSCINODISCUS JONBSIANUS v«r. COMMUTATA Bnatcdt. 

CoBcinodiacus Jonetianus var. commutata Hustedt, Aludn & CUPP 
(1986) 117, flg. 11. 

Found in sample 6. First record for China Coast. 

COSCINODISCUS NORILIB Gnmow. 

Found in sample 6. 

CTCLOTBULA STRIATA (Kfitz.) Gnmow. 

Found in samples 2 and 6. 

CTCLOTBLLA COHTA (Ehr.) KOUia*. 

Found in samples 3 and 4. 

CTCLOTELUA BTTLORUM Bri«htw.ll. 

Found in sample 4. 
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AKACHMOIDtBCUS OBNATUB BhNnbw*. 

ArachnoidiBcus omatus Ehrenberg, V. Heubck (1896) 606, &g. 266. 

Found in samples 1, 3, 5, and 6. 

ACTINOPTTCHUS UNDULATUS (Ball.) BaUa. 

Found in samples 3 and 4. 

ABTBROHFBALVS FLABBIXATUS Gravllla. , 

Found in sample 6. 

TBICBRATIUM ANTEDELUVIANUM (Bhr.) Granaw. 

Trioheratium antedeluvianum (Ehr.) Gninow, HUSTEDT (1980) 810, 
fig. 472. 

Found in sample 6. First record for C!hina Coast. 

TBICBBATIUH P0RH08UM Brichtwall. 

TriceratiuTn formotum Brightwell, HUITEDT (1930) 891, flg. 481. 
Found in sample 6. 

BIDDULPBIA PULCBBLLA Gray. 

Found in samples 2, 3, 4^ and 6. 

BroDULPBIA OBTUBA Ktttxlnt. 

Found in samples 1 and 5. 

BmOULPBU RETICULUM (Ehr.) Borar. 

Biddulphia reticulum (Ehr.) Boyer, ALLBN 4k CUPP (1986) 147, 
flg. 88. 

Found in sample 6. First record for China Coast. 

BIDDULPBIA AURITA (Lm.) Brablaaan. 

Found in sample 6. 

BIDDULPBIA AURITA rar. OBTUBA (KBta.) BwtaBt 

Found in samples 1 and 6. 

BIDDULPBU LABVIS to. MINOR V. Baarck. 

Found in sample 4. 

PBAGILLARIA CROTONBN8I8 (A. M. Edwanb) Kittaa. 

Found in sample 6. 

BBABDONEHA ABCUATUH (Ac.) KBtainc. 

Rkabdonema areuatum (Ag.) Kiitzing, V. HlURCUC (1896) 860, pi. 
12, fig. 487a. 

Found in sample 6. First record for China Coast 

BBABDONBMA AOBIATICUM KBtataw. 

Found in samples 3, 6, and 6. 

OBAiaiATOPBORA KABIMA (Lyn.) Ktttafaic. 

Found in samples 3, 4, 5, and 6. 
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OBAMMATOraOSA MABINA vat. MACIUNTA V. Bamk. 

Orammatophora marina var. maeilenta V. HcmtCK (1896) 854, pi. 
fig. 480a. 

Found in sample 4. First record for China Coaat. 

UCHOPHOSA ABBBBVIATA Acardh. 

Found in samples 5 and 6. 

CUMASCOPBENIA MONILIGSIu Bhnabars. 

Found in sample 2. 

BTNBDBA GALLIONU Ehrabarc- 

Found in samples 3, 4, 5, and 6. 

ACHNANTHES BBBV1PE8 Acardh. 

Found in samples 2, 4, 6, and 6. 

COCCONEIS DISBOPTA Giag. 

Coceoneit disrupta Greg., V. Hrurck (1896) 290, pi. 8, fig. 848. 

Found in samples 4, 5, and 6. First record for China Coast 

COCCONEIS MOLESTA Kltalnc. 

Coeconeia moUsia Ktz., V. HeurCK (1896) 290, pi. 29, fig. 828. 

Found in sample 4. First record for dlhina Coast. 

COCCONEIS SCITTEIXint Ehiaabara. 

Found in samples 1, 8, and 6. 

NATICULA CANCELLATA Deakta. 

Found in sample 6. 

NATICITIA OUDIS (Bhr.) aara. 

Navieula iridis (Ehr.) Cleve, Donkin (1870) 31, pi. 6, fig. 7. 

Found in sample 6. First record for China Coast 

NAVICULA POBXIS Orw. 

Ncmiaula fortia Greg., Donkin (1870) 67, pi. 8, fig. 8. 

Found in sample 6. First record for China Coast 

NAVICULA CBABBO Ehranbarg. 

Found in sample 6. 

NAVICULA ABBUPTA Gnb. 

Navieula abrupta Greg., Donkin (1870) 18, pL 8, fig. 6. 

Found in sample 2. First record for China Coast. 

TBACBTNBIB ASPEBA Bhraabarc. 

Found in samples 1, 8, 4, 5, and 6. 

CnOELLA ASPEBA (Btt.) data, 

Cymbvlla aapera (Ehr.) Cleve, V, Heubok (1806) 146, pi. 1, fig. 86. 

Found in sample 4. Fresh>water species. 
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IHPBOBA SALINA W. Sm. 

Amphora aalma W. Sm., V. Heubck (1896) 184, pi. 1, fig. 6. 

Found in sample 6. First record for China Coast. Brack- 
ish-water species. 

AMPBOKA C08TATA W. 8b. 

Ampfwra coatata W. Sm., V. Heurck (1896) 133, pi. 24, fig. 67. 

Found in sample 2. 

PI.EUK081GMA NAVICULACEUM Br.)biu«n. 

Pleuroaigma naviculaceum Brebbisson, Alugn & COPP (1936) 167, 
fig. lOS. 

Found in sample 4. First record for China Coast. 

PLBimOSIOHA RIOroUM W. Bn. 

Pleuroaigma rigidnm W. Sm., V. Hburck (1896) 261, pi. 6, fig. 265. 

Found in sample 4. Firfst record for China Coast. 

PLEUBOSIGHA NORMANII Rath. 

Found in samples 3, 4, and 6. 

PLEUBOSIGHA ANGULATUM Ehrmbwc. 

Found in samples 3, 4, and 5. 

GTBOSIGMA BALTICUM W. Sm. 

Found in samples 3 and 4. 

SURntELLA PASTUOBA EhrenbrnK. 

Surirella faatuosa Ehrenberg, V. Hburck (1896) 372, pi. 13, fig. 683. 

Found in samples 4, 6, and 6. 

SURIRELLA FLUMINEN8IS Granaw. 

Found in sample 4. 

CAMPTLODISCUS H0DG80NII W. 8m. 

Campylodiaeva Hodgonii W. Sm., V. Heurck (1896) 876, pi. 82, fig. 

868 . 

Found in samples 4 and 6. First record for China Coast. 

CAMPTLODISCUS (T) COCCONEIPORMIS Grunsw. 

Found in sample 2. 

BACILLARIA PARADOX A Gmclin. 

Found in sample 6. 

BITZSCBU SUBTILIS Gnmov. 

Nitzaekia auhtUia Grunow, V. Heurck (1896) 401, pi. 17, fig. 652. 
Found in sample 6. First record for China Coast. Fresh- 
water species. 

HITESCBIA PUNCTATA <V. Sm.) Granaw. 

Found in sample 4. 
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NITZSCBIA BIOMA Tsr. INTBBCBOBNB Gnuov. 

Nitzaehia sigma var. intsrosdsne Qnusw. V, Hbubck (1896) 896 
pi. 16, &g. 681. 

Found in sample 3. Brackish-water species. 

HITZaCHU LOBENZUNA (W. 6m.) Gnmew. 

Found in samples 1, 4, 6, and 6. Brackish-water species. 

HANTZSCHIA MARINA (DonUn) Gnmow. 

Hantzschia marina (Donkin) Grunow, V. HaimCK (1896) 882, pi. 16, 
fig. 489. 

Found in sample 2. First record for China Coast. 



TRIVERBAL SPECIFIC NAMES 


By C. X. Fubtado 
Of the Botanic Gardena, Singapore 

At the last Botanical Congress, Amsterdam (1936), Dr. A, 
Becherer proposed as follows: 

The names Aeplcnium Trichomanea dentatum L. Sp. PI. (1753) 1080 
and A. Trichomanea ramoavm L. op. clt, 1082, must be rejected since they 
are liable to be confused with the name A. Trichomcmea L. Sp. PI. 1080. 
The valid names are A. dentatum L. (1769) and A. viride Huds. (1762). 

Whereupon Dr. T. A. Sprague observed that: 

The names A. Trichomanea dentatum and A. Trichomanea ramoaum are 
intrinsically invalid, since they were not published as binary combinations 
(see .\rt. 27). — Spraguk, Synopsis of Proposals (1936) p. 74. 

I would suggest that Article 27 does not apply in this case, for 
3urpri.sing as it may be, the wording of Article 27, far from 
condemning triverbal specific names, actually provides a means 
whereby certain triverbal specific names may be transformed 
into valid biverbal ones. In fact, despite the spirit of the 
rules, there is no express condemnation of triverbal specific 
names having biverbal specific epithets as such, except when 
individually the specific names do not refer to two valid de- 
scriptions, one generic and the other specific, or when they are 
found in works “in which the Linnean system of binary no- 
menclature for species was not consistently employed.” (Ar- 
ticle 68, 4). But in this last case not only triverbal specific 
names but also bi verbal names must be rejected. 

In order to enable the reader the better to follow my con- 
tention I transcribe here Article 27 : 

Namefl of species are binary combinations consisting of the name of 
the genus followed by a single epithet. If an epithet consists of two or 
more words, these must either be united or joined by hyphens. Symbols 
forming part of the specific epithets proposed by Linnaeus must be tran- 
scribed 

Proof that my interpretation of the wording of Article 27 
is correct is found in the examples given under the same 
Article. For instance, in the case of symbols, Linnieus did 
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not use a hyphen between the symbol and the word preceding 
it, but in the examples the symbols are not only transcribed 
but the hyphens are added. Furthermore, the specific epithet 
in Adiantum Capillm veneris L. (1763), Impatiens Noli tang ere 
L. (1763), or Atropa Bella dona L. (1768) consists of two 
separate words, but in the samples the epithets have been 
united or hyphened to make the names biverbals. Had Doctor 
Sprague’s contention been right, A. Capillus veneris, Impatiens 
Noli tang ere, and Atropa Bella dona ought to have been rejected 
as “intrinsically invalid” names. Also in “Species Lectotypicae 
Linnaei,” printed in the 1935 rules, the Linn*ean triverbals, 
Bignonia unguie cati, Choix lachryma jobi, Strychnos nm 
vomica, Trigonella foenum. graecum, Ipomoea pes tigridis, and 
others, have been consistently transformed into biverbals 
either by hyphening or by uniting the two separate words in 
each of the specific epithets. 

Now Asplenium Triehomanes dentatum, A. Triehomanes ra- 
mosum, Adiantum Capillus veneris, Impatiens Noli Tangere, 
and Atropa Bella dona were all published as specific names not 
only under identical conditions but also in the same book; 
namely. Species Plantarum, 1753; and so there is no reason 
why, for purposes of validity, the first two triverbal names 
should be treated differently from the last three. Consequently, 
Asplenium Triehomanes dentatum and A. Triehomanes ra- 
mosum, like the other three names, should be accepted as valid 
binary names and transformed into biverbals in accordance 
with the provisions in Article 27. 

Whether or not it is advisable to allow a valid status to non- 
Linnsean triverbal specific names is a matter that should be 
considered by the future Congress; but in arriving at such a 
decision consideration must be given to the question whether 
it is desirable to reject as invalid names like Xcmthophytwm 
Johannis Winkleri Merr.' and Tibouchina Campos Portoi 
Brade.* If, on the other hand, the omission of the hsrphen is 
taken as a typographic or orthographic error, such biverbal 
generic names as Chamae FUix Hill, Filix Foemina Hill, Adian- 
tum album Hill, Capillus veneris Hill, or multiverbal or phrase 
names of species, might be taken as valid, creating thereby a 

‘Mitt. Inst. Hamburg. But. 7 (1937) 271. 

•Arch. Inst. Biol. Vegat Rio de Janeiro 4 (1988) 78. 
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necessity either for effecting many nomenclatural changes or 
for making special decisions to prevent those changes,* 

In my opinion difficulties such as the above may be satisfac- 
torily obviated both by adopting the distinctions between binary, 
binomial, and biverbal names given by me in this Journal * and 
by invalidating all binary binomials which are not biverbal, 
validity being allowed to biverbal specific epithets that occur 
as exceptions in papers that have in general fulfilled the rule. 

* See also Farwoll, Amer. Midi. Nat. 12 (1981) 233. 

‘Philip. Journ. Sci. 69 (1939) 467. 




DETERMINATION OF THE PISCINE INTERMEDIATE 
HOSTS OF PHILIPPINE HETEROPHYID TREMA- 
TODES BY FEEDING EXPERIMENTS 

PROGRESS REPORT ^ 

By Ana Vazquez-Colbt and Candido M. AmcA 

Of the Department of Parasitology, Institute of Hygiene and Public Health 
University of the Philippines, Manila 

FOUB PLATXS 

In a previous paper ( 18 ) we published the results obtained 
in feeding experiments with 6 species of fish, namely, Hepsetia 
balaboicensis, Hemiramphtts georgi, Ambassis buruemis, Mu- 
gil sp., Arius manilUnsis, and Clarias batraohus.^ Since then 
11 more species of fish have been experimented with in the 
same way, and feeding experiments with Arius manillensis, 
Ambassis buruensis, and Hemiramphus georgi have been re- 
peated. The results obtained constitute the subject of this 
report. The additional species of fish used this time were 
OphicephtUus striatus, locally known as dalag; Glossogobitis 
giurus, bid; Therapon plumbeus, ayunj^in; Gerris kapas, mala- 
kapas; Gerris filamentosus, malakapas; Creisson validus, bid 
ng sapa; Anabas testudineus, martinico; Ophiocara aporos, 
bangayngay; Pelates quadrilineatus, babansi; Teuthis javus, 
samaral; and Eleutheronema tetradactyla, Tnamale. 

Of the above fish, Ophicephalus striatus, Therapon plumbeus, 
Anabas testudineus, and Opiocara aporos are fresh-water fishes 
and the others are marine fishes, according to Dr. Deogracias 
Villadolid, ichthyologist of the Bureau of Science, Manila, who 
kindly identified them for us. 

MATERIALS AND METHODS 

The practice and technic described in the previous report 
were fai th fu lly followed in the experiments reported in this 
paper. 

* Aided by a special research grant from the Board of Regents, Univer- 
sity of the Philippines. 

'In the previous report this strictly fresh-water fish was accidentally 
lifted as marine. 
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BSSULTS 

In Tables 1 to 14 we have recorded the results of our feeding 
experiments separately for each species of fish used by us. 

REMARKS 

Ten more piscine intermediate hosts (Tables 1, 2, 3, 4, 6, 6, 
7, 9, 10, 11, and 18) of Philippine heterophyid trematodes have 
been determined, and 4 species of heterophyids have been added 
to our previous list of 9 experimental heterophyids; namely, 
Haplorehia pumilio (= Monorehotrema taihokui), Haplorchis 
taiehui (— Monorehotrema taichui), Haplorchis sisoni sp, nov., 
and Stamnosoma formosamm. Incidentally, one echinostomatid 
and one strigeid, represented by Echinochasmus novalichesen- 
sis(n) and an unidentified Neodiplostotnum species, have also 
been recovered experimentally from 3 and 4 different piscine 
species, respectively (Tables 1, 2, 3, 8, and 12). Although 
Echinochasmus and Neodiplostomum are not heterophyids, we 
include them in this report for the sake of completeness. Hap~ 
lorchis sisoni, a new species discovered in this series of experi- 
ments (Table 3), has been described by one of us (C.M.A.) 
in a separate paper. Our Stamnosoma specimens, recovered 
from four different piscine hosts (Tables 1, 2, 3, and 7), are 
all of one species, ovigerous, with two rows of circumoral spines 
(17 to each row), smoothly contoured testes, long intestine, 
and conspicuous ventral sucker, and are morphologically indis- 
tinguishable from mounted specimens of Stamnosoma formo- 
samim obtained from Taihoku Medical College, Department of 
Parasitology, through the kindness of Prof. S. Yokogawa, to 
whom our thanks are due. They are entirely different from 
the two species of Stamnosoma metacercaria found by us in 
dissections of Ambaesis buruemis, mentioned in our previous 
report, and which, up to this time, we have consistently failed 
to recover experimentally. The Echinochasmus specimens re- 
covered in our experiments are undoubtedly young forms of 
one single species; one of them shows one solitary egg; they 
are indistinguishable from Echinochasmus novalichesensis, a 
bird parasite reported from the Philippines by Tubangui in 
1982.(16) The Neodiplostomum specimens obtained by us are 
immature forms of one single species, the identity of which 
we have not yet determined. In our previous feeding experi- 
ments with Arius manillensis and Clarias batrachus we also 
recovered a similar, immature Neodiplostomum species, but 



Table 1. — Feeding experiments with metacercaria from OpkicephaluM striatus (dalag). 
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Tabu 2 . — Feeding ^^perimenU with metacerearia from Gloooogobitm gimr%i 9 (Mb). 
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Table 3. — Feeding experimenU with fnetaceratria from Tkerapon plumbeus (ayunJ^H). 



* Too BiAOj to ooQBt. * Mooy. 



Table 4. — Feeding experiments with metncercaria from Gerris kapas {medacapas) . 
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Table 6. — Feeding ezperimenie with metmercaria from Creiseom 


n,i 
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Tablb 8. — Feeding experimente with metacerearia from Opioeara aporoe. 
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Tablb 12. — Feeding experimenta with metacercaria from Ariua manUlsnaia (eanduli). 
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did not include it in the report because it is not a heterophyid. 
For the sake of completeness, however, we include it also in 
the present account. Two species of Neodiplostomum have 
been recorded in the Philippines; namely, N. aluconis Tuban- 
gui, 1933 ,( 17 ) and H. larai Refuerzo et al., 1937 .( 16 ) 


Tabls 14 , — Feeding experimente with metaoercaria from Heimramphns 

georgi. 


Expeiimentttl AoiinfU. 

Date of feeding. 

N amber of 
feeding. 

Number of 
fiafa uaed. 

C«t 


May 16 to September 2, 1938 

34 

181 

Control cat..,.. 




0 














Number of 

Experimental nnimal. 

Dnt* of disfifctlon 

Flukes Identified, 

flukm 1 






rt‘co vert'd, | 

Cat. 

SiiDtember S. ID3R 

Stictodora Querreroi 

43 i 




Haplorchis calderoni^ 

i 1 




HeUTophycM expcctaiu^ . . 

i ^ * 

Control eat.. 

June a. 1038 _ . 



0 i 





^ 

- 

' ' 1 

1 i 


In the experiment with /lemirampkm georgi (Table 14) pre- 
vious finding.*? are only partially duplicated, and no additional 
species are added. The experiment with Amhassis buruensis 
(Table 13) enriches our li.st for this fish with one more species 
of heterophyid, namely Haplorchis pumilio (— Monorchotrema 
taihokui), bringing up to 7 the total number of species of hete- 
rophyids so far recovered by us experimentally from this fish, 
and rounding up to 10 the species of heterophyid raetacercaria 
which this fish harbors as second intermediate host. The ex- 
perimental recovery of Haplorchis pumilio six times from 6 
different species of fish (Tables 1, 2, 3, 5, 10, and 13) now for 
the first time definitely establishes its presence in this country. 
Haplorchis taichui, recovered in this series of experiments from 
one fish (Table 1) has already been reported from the Philip- 
pines by Africa et al.,(i) who found it in the small intestine of 
dogs and man. Two more piscine hosts (Tables 5 and 9) for 
Stictodora manillensis, 8 more (Tables 1, 2, 6, 6, 7, 9, 10, and 11) 
for Haplorchis calderoni, 2 more (Tables 1, 4) for Ha/plorchis 
yokogawai, 1 more (Table 7) for Diorchitrema pseudoeirrata, 
and 4 more (Tables 4, 5, 9, and 10) for Heterophyes expectants 
have been determined by the persent series of feeding experi- 
ments. Hemiramphus georgi (Table 14) and Ambassis burur- 
ensis (Table IS) are hereby once more experimentally con- 



TabL£ 16 . — Names nf flukes recovered experimentally from variom species of fish. 
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firmed as piscine intermediate hosts of Stictodora gvjerrsroi, 
Haplorehis calderoni, and Heterophyes expectans, and Stictodora 
gmrreroi, Stictodora manillensis, Haplorehis calderoni, and He- 
terophyes expectans, respectively. And lastly, the present ex- 
periment with Arius maniUensis once more shows that this fish 
is an intermediate host of Haplorehis yokoga/wai and a Neodi- 
plostomum species. 

SUMMARY 

Table 15 summarizes the results obtained in the present series 
of feeding experiments. For completeness we have included 
in it all our previous findings with Clwrias batrachus. The 
6 trematode species marked “y,” “e,” and “n,” respectively, 
are new additions to our list of experimental fiukes. The as- 
terisks indicate eleven new species of intermediate piscine hosts 
of Philippine heterophyids. 

The existence of Haplorehis pumilio (~ Monorchotrema tai- 
holcui) and Stamnosoma formosanum in the Philippines are here- 
in reported for the first time. Haplorehis sisoni, a species new 
to science, discovered in this series of experimental feedings, 
has been reported in a .separate paper by one of us (C.M.A.). 

The richness and variety of Philippine fishes in trematode me- 
tacercaria, mostly heterophyid, are further made evident by the 
present experimental findings. 
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Plate I 
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4. Oerris fUamentoaus. 

Plate 4 

Fig. J. Pelatea quadrilineatua. 
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3. Gerria kapaa. 
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A RARE PARASITIC CRAB NEW TO PANGASINAN 
PROVINCE, LUZON 

By Gonj.BRMO J. Bianco and Guiixmiio L. Asian 
Of ik* Divi0ion of FUheriea, Department of Agriculture and Commerce 

Manila 

ONE PiA.ni 

A. White (1846) described the genus Xantfmaia to accom- 
modate a female specimen of a single species of crab, X. muri- 
gera, of the family Pinnotheridse. The origin of the material 
now deposited in the British Museum was vaguely given by 
White as “Philippine Islands.” It was not until 1888 that de 
Man described the same species (two males and one female 
from Tridama) from the material collected by Semper from 
Bohol and Burias Islands. 

While working on the meat content of seventeen specimens 
of Tridacna squamosa Lamarck, collected from Lucap market, 
Alaminos, Pangasinan Province, September 23, 1938, the junior 
author obtained three gravid females and one male of X. mwri- 
gera from the gills of these bivalves. Ninety-three years after 
the discovery of this species by White it is of geographical 
interest to note the new locality of this parasitic crab as being 
Luzon, Pangasinan Province, Alaminos. 

Genoii XANTHASIA White 

ZAMTHASIA MUBIOBKA WhiU. Plate 1, t«t. 1 to 4. 

White, Ann. & Mag. Nat. Hiat. 18 (1846) 176, pi. 2, fig. 3; Dana, 
U. S. Explor. Exped. Crust. 18 (1852) 884, pi. 24, fig. 6; DB Man, 
Joum. Linn. Soc. London 22 (1888) ; BtlnoER, 0. Zool. Jahrb. Syst. 
S (1895) 386, pi. 10, fig. 38; Estahpaoor, Philip. Joum. Sci. 62 
(1987) 547. 

Carapace with rough and irregular suiface; margin, except 
frontal region, raised into an elevated ridge, curled around be- 
hind lateral knob on front of carapace. An elevated tubercle 
with lateral sharp edges and rough upper surface on middle 
of back of carapace. Two parallel longitudinal elevated keels 
between elevated tubercle and frontal region. Front of carapace 
projecting on each side, outside eyes; knobs present, making 
anterior part of carapace angular. Gravid female with mctreme 
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bulging tail with prominent rounded keel down middle. Am* 
bulatory legs short, cylindrical ; claws thick, hooked, . sharply 
pointed. Chela equal, small. Whitish in alcohol. The meas- 
orements and number of eggs of female specimens are given in 
Table 1. 


TABI4E 1 . — Measurements and number of eggs of female specimens. 


Spcdmpn. 



Ctrapac®. 


1 

1 

Width. 1 

♦’Kifs. 

mm. 1 

mm. j 


H ; 

15 

2.188 

*1 i 

18 i 

1,878 

12 i 

lb i 

1.344 



ILLUSTRATION 

Plate i. Xanthasia iixirioera White 

[Tlie irraphic repraiente 1 ineli.] 

Fig. 1. Female, dorsal view. 

2. Female, ventral view. 

3. Male, dorsal view. 

4. Male, ventral view. 
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VIABILITY OP THE COMMERCIAL OYSTER, OSTREA 
IREDALEI FAUSTINO 


By Dohiciano E. Villaluz 

0/ th« DiviiioM of Fioherieo, DopartTM/nt of Agriculture and Co mm oreo 

Manila 

rmm njam 

Among the oysters raised in Bacoor Bay, Luzon, Ostroa 
iredalei Faustino is the most abundant. As early as 1986 oys* 
ter raisers using the hanging method of oyster culture began 
to recognize its superior quality. Requests for this species of 
oyster for propagation purposes have been numerous, and the 
Oyster Farm of the Division of Fisheries has tried to fill the 
demand to the best of its ability. 

Oysters as food are beginning to be popular among Fili- 
pinos, because the public is being shown the sanitary conditions 
under which they are now being raised. In connection with 
the marketing of oysters, the important problem is to know 
how long they are capable of remaining alive outside of water, 
and to determine their viability, tests have been conducted in 
the Oyster Farm of the Division of Fisheries at Bacoor Bay. 

DESCRIFTIOM 

OSTBSA mSDALEI Fantlno. Plat* 1, a>*. 1 and t. 

Shell variable in shape, depending on mode of attachment; 
elongate, tongue-shaped, obliquely triangular or oblong. Out- 
side of shell foliaceous, beak prominent Left valve excavated, 
purple, right valve small, thin, flat, yellowish. Hinge tooth- 
less, inner margin of valve smooth. Interior of shell chalky 
white, muscle scar purple. 

materials and methods 

Oysters raised in the Oyster Farm of the Division of Fisheries 
were utilized in these tests. Adult oysters about nine months old 
and of almost equal size were selected from among the bunches 
of ayatem in the growing beds. Great care was taken not to 
destroy any part of the shell, especially the oyster ‘‘bill,*’ so that 
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oyster liquor contained in the valves would not ooze out. Oysters 
used for observation were opened by means of a shucking knife 
which cuts and loosens the adductor muscles. The pericardial 
membrane was carefully opened to expose the heart and the 
heart beat observed. The sensitiveness of the tentacles of the 
mantle was tested by touching with the point of a dissecting 
needle. Throughout the experiment the following procedures 
were followed: 

0 . (1) Oysters oontained in a sack and constantly moistened 
with sea water. 

(2) Oysters contained in a sack and constantly moistened 
with fresh water. 

b. (1) Oysters without mud contained in a wet sack. 

(2) Oysters with mud contained in a wet sack. 

e. (1) Oysters without mud contained in a dry sack. 

(2) Oysters with mud contained in a dry sack. 

d. (1) Oysters contained in a sack moistened from time to 

time and exposed to sunshine. 

(2) Oysters contained in a dry sack and exposed to sun- 
shine. 

e. (1) Oysters with mud, exposed under shade. 

(2) Oysters without mud, exposed under shade. 

Three sets of tests were performed, the first June 27, the 
second July 6, and the third July 14, 1938. 

OBSERVATIONS AND RESULTS OF TESTS 

a. (J) Oysters contained in a sack constantly moistened with 
sea water . — The oysters treated were examined on the second 
and third days. It was observed that all of them were closed 
during these two days. On the second day seven oysters were 
carefully opened by cutting the strong adductor muscles. It 
was found that the valves were full of oyster liquor, the ten- 
tacles of the mantle were very sensitive, and the heart appeared 
to be beating normally. On the third day five oysters were 
opened. The adductor muscles were declining in strength and 
the valves were easily separated. The oyster liquor was com- 
paratively lessened in amount, the tentacles of the mantle were 
not sensitive, and the heart beats were hardly perceptible. 

(Z) Oysters contained in a sack and constantly moistened 
with fresh water . — ^The oysters were still closed on the third 
day. Four oysters were carefully opened, and the valves were 
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observed to be very tight and the adductor muscles strong. The 
heart beats could hardly be discerned; tentacles of the mantle 
were sensitive and the valves filled with oyster liquor. 

6. (I) Oysters without mud contained in a wet sack. — The 
oysters were examined on the second day and all were found 
closed. Five oysters were opened and carefully observed. It 
was found that the adductor muscles were strong; the valves 
filled with liquor; the heart beat rather slowly, and the ten- 
tacles were still sensitive. On the fourth day almost all of 
the oysters were found gaping. Oyster fluid was absent in 
all of them, the heart was no longer beating, and the tentacles 
of the mantle were not sensitive. 

(2) Oysters with mud contained in a wet sack. — On the sec- 
ond day five oysters were opened. The adductor muscles were 
strong, the valves tightly closed, and oyster liquor was present 
inside. The heart beat normally and the tentacles of the mantle 
were sensitive. On the fourth day most of the oysters were 
gaping, and those closed were forced open. Their valves were 
easily separated and the adductor muscles very much weakened. 
The oyster liquor was almost consumed and the heart was no 
longer beating. The tentacles of the mantle were not sensitive. 

c. il) Oysters without mud contained in a dry sack. — On the 
fourth day the valves of oysters under this condition were 
found gaping. The oyster liquor was almost consumed in all of 
them, the heart was no longer beating, the tentacles of the 
mantle were not sensitive, and the valves were easily separated 
due to the weakening of the adductor muscles. 

(2) Oysters with mud contained in a dry sack. — On the 
fourth day almost all of the oysters opened. Oyster liquor 
was absent in the gaping oysters while in those that were 
forced open this fluid was present only in small amounts. 
In both cases the heart had stopped beating and the tentacles 
of the mantle were no longer sensitive. 

d. (1) Oysters contained in a sack moistened from time to 
time and exposed to sunshine. — The second day the oyster 
valves were found closed. Five oysters were carefully opened 
and observed. The valves were fflled with oyster liquor, the 
heart was still beating, and the tentacles of the mantle were 
very sensitive. On the third day some of the oysters were 
gaping, and contained a very small amount of oyster liquor, 
and the heart was no longer beating. Some of the closed 
oysters were carefully opened and their valves found still filled 
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with fluid. The heart had stopped beating and the tentacles 
were no longer sensitive. 

(2) Oysters contained in a dry sack and exposed to sun- 
shine. — ^When the oysters were examined the second day, a small 
amount of oyster liquor was found in the valves, and the heart 
was beating very slowly. The tentacles of the mantle were 
sensitive. On the third day most of the oysters were gaping. 
Oyster liquor was absent in the valves and the heart had stopped 
beating. When the closed oysters were forced open the ten- 
tacles were no longer sensitive and the heart had stopped beat- 
ing. Small amounts of oyster liquor were still present inside 
the valves. 

e. (J) Oysters with mud, exposed under shade. — The second 
day five oysters were opened. The valves were full of oyster 
liquor, the heart beats appeared normal, and the tentacles of 
the mantle were sensitive. On the fourth day most of the oys- 
ters were gaping, were without oyster liquor, the heart was 
no longer beating, and the tentacles were not senstive. The 
closed oysters on opening were found to contain small amounts 
of oyster liquor, the heart was no longer beating, and the ten- 
tacles were not sensitive. 

(2) Oysters without mud, exposed under shade. — ^The second 
day the oysters that were opened were full of oyster liquor, the 
heart was still beating, and the tentacles were very sensitive. 
On the fourth day most of the oysters were gaping while some 
remained closed. Both gaping and closed oysters were dead. 

The results of the testa on viability are shown in Table 1. 

DISCUSSION OF RESULTS 

Oysters contained in a sack constantly moistened with sea 
water and those contained in a sack constantly moistened with 
fresh water were able to live an average of ninety hours. 
Oysters outside of water always keep their valves tightly closed 
so that the amount of either salt or fresh water that could enter 
them must have been very insignificant. 

Oysters without mud and kept in a wet sack were able to live 
as long as those with mud kept in a wet sack. Both groups 
of oysters lived an average of ninety hours. Mud adhering 
to the surface of oyster shells seemed to have no great effect 
on viability. 

Oysters under sunshine and moistened from time to time 
lived an average of sixty-four hours, while those under sun- 
shine kept in a dry sack lived an average of sixty-three hours. 
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Tabu 1. — Remlta of tvata on viability of Oatrea iredalei. 


FIRST TRIAL 

(Set e;00 p. Jnn* Z7. 1«S8.] 


Proetdara. 

Dead. 

Date. 

Tfana. 

Number 
tA houn 

aUea. 

Oyitgr wet with tea water 

1938 

July 1 

A. 

12dH> 

90 

Oyaten wet with freah water., 


12 KH) 

90 

Oyaterg without mud In wet aaek 

.....do. 

12:00 

90 

Oyaten with mud in wet aaok 

..do 

12 .*00 

90 

Oyatera without mud in dry aaek 

.....do....... 

11:80 

89.8 

Oygtera with mud In dry aaek 

... do 

11:80 

89.1 

Oyatera under eunahine in wot aaek 

June 80... ...... 

8d>0 

62 

Oyatera under aunahine In dry aaok. ......... 

do 

6:80 

61 

Oyatem with mud ezpqaed under ahado 

July 1 .... 

7:80 

88.6 

Oyatera without raud exposed under ahade 

do 

7KK) 

88 




SECOND TRIAL 

ISet 2:00 p. m., July 6. 1998.1 

Osratem wet with aea water.. .... ...... 

July 9 

12:00 

94 

Oyatera wet with (raah water .... 


12:00 

94 

Oyatera without mud In wet sack .... 

.....do............. 

12:00 

94 

Oyatera aiith mud in wet sack................... 

do 

12:00 

94 

Oyatera without mud in dry aaek - 

do .......... 

11:00 

98 

Oyatera with mud In dry aaek, 

.....do.... ...... 

11:00 

98 

Oyataia under aunahine in wet aaek.............. 

July 8 

8:00 

66 


.....do 

6*A0 

64.8 

r)yeterB with mud «t«pn«Md under ahade ......... 

July 9 

8:00 

89 


do. 

7:80 

88.8 



1 THIRD TRIAL 

1 ISet 6:00 p. m.. July 14. 1088J 

1 . 


July 18 

1 10.*00 

89 

Oyatera wet with freah arater ................ 

..do 

10d>0 

89 



10K)0 

89 


do 

1 10:00 

89 



9:30 

88.6 


.....do .......... 

9:80 

88.8 


July 17 

10d)0 

66 


.....do 

8:00 

68 


July 1H 

8:J>0 

87.8 



s 00 

! 87 




CONCLUSIONS AND RECOMMENDATIONS 

1. Oatrea iredalei can live outside of water for an average 
of ninety hours. 

2. The cooling effect of mud and water on the oyster is very 
insignificant in terms of viability. 
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3. High temperature shortens the life of oysters. 

4. Shortening of the period of life of the oyster due to ex- 
posure tmder shade is insignificant. 

6. Oysters in a sack can live under sunshine for two days. 

6. It is safe to eat oysters forty-eight hours outside of water. 

7. Oysters should always be kept out of direct sunshine. 

8. The meat of oysters with open valves should never be 
eaten, as these oysters are usually dead and in the process of 
decomposition. 



ILLUSTRATIONS 

Plate l. Ostrea iredalei Faustino 

Fig. 1. With open valves. 

2. About eight months old. 

PLATE 2 

Bunches of Ostrca iredalei Faustino, from the Oyster Farm of the Division 

of Fisheries. 

Plats s 

Heaps of shells of Ostrea iredalei Faustino, used as cultch in the Oyster 
Farm of the Division of Fisheries. 
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PLATE 2. OSTREA IREDALEi FAUSTINO. 
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PLATE 3. OSTREA IREDALEI FAUSTINO. 




BOOKS 


Books reviewed here have been selected from books received 
by the Philippine Joamal of Science from time to time and ac> 
Imowledged in this section. 


REVIEWS 

Practical Seismology and Seismic Prospecting. By L. D. Leet. New York, 
D. Appleton-Gentury company, incorporated, cl988. 480 pp., illns. 
Price |6. 

This is the most interesting and comprehensive treatise on 
seismology that has appeared in English up to the present time. 
Chapter and section titles will indicate how thoroughly the field 
has been covered : Cause of Earthquakes ; Distribution of Earth- 
quakes; Elasticity and Elastic Waves; Instruments; Instrumen- 
tal Observations; Effects of Earthquakes; Important Earth- 
quakes of History ; History of Seismology ; Seismic Prospecting. 

The chapters on Instruments and Instrumental Observations 
are very complete and practical. Considerable attention is 
given to the Benioff instruments, the latest and most promising 
in the field of seismology. The chapter on the Propagation of 
Elastic Waves emphasizes waves in the outer layers of the 
earth’s crust because of their importance in seismic prospecting. 
The selection of important earthquakes is well made and each 
is written up in a most informative way. The selection is 
governed by actual seismic importance, and not entirely by loss 
of life or material damage. The classification of some large 
earthquakes by the Richter magnitude scale is interesting. 
Holden’s dynamical equivalents of the Rossi-Forel scale sure 
quoted but they are considerably higher than Cancani’s values 
which are favored by engineers. 

The history of seismology is given in nine pages, which con- 
tain an extraordinary amount of biographical and scientific 
data pertaining to the development of the science. The book 
terminates with two chapters on seismic prospecting which 
reduce to practice the principles given in the earlier chapters 
on elastic waves. A list of important patents is given on seismic 
prospecting and some court actions involved in connection with 
them. 
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There is a wealth of maps, diagrrams and cuts which contribute 
greatly to an understanding of the matter. References are 
cited as footnotes. — ^W. C. R. 

Manila! of Roentgenological Technique. By L. R. Sante. Ann Arbor, 
Michigan, Edwards Brothers, Inc., 1938. 228 pp., front., Ulus. Price 
14.50. 

Although this book of Professor Sante represents a compila- 
tion of the work of others, as he has mentioned in his preface, 
it may be considered a great contribution to the list of books 
dealing with X-Ray technique. The simplicity of his language 
and the systematic procedure followed make the book under- 
standable and useful to the vast army of students of radiology. 

The roentgenological consideration, giving the hows and whys 
for every standard position selected in the radiography of the 
different parts of the body, is the most outstanding feature of 
the book, distinguishing it from other treatises on the same 
subject. 

The volume is worth having because it will be of service not 
only to X-Ray technicians and radiologists but also to every 
physician who in his practice has to make X-Rays required in 
the analysis of his cases. 

The book is profusely illustrated. — P. S. C. 

The Soybean Industry. By A. A. Horvath. New York, The Chemical 

publishing Co. of New York, Inc., 1938. 221 pp. Price, |4. 

The phenomenal development of soybean as an article of 
world commerce gave rise to a dearth of soybean literature. 
The present book seems to be the first attempt at assembling 
together in a brief and easily readable form scattered technical 
information about the soybean industry. Doctor Horvath, him- 
self an eminent chemist and an authority on soybean manufac- 
tures, made a review of the more important literature on the 
chemistry of soybean and its products, and presents it as a 
popular and easily read publication. 

The book is divided into 20 short chapters with a list of useful 
references. In the hrst chapters are discussed the methods 
of processing soybean into different products and the properties 
and industrial uses of such products. A brief account of the 
development of the soybean-oil industry is given, followed by 
a discussion of pressure oil milling versus solvent extraction. 
The various methods of oil extraction are discussed rather in 
detail. Also, the advantages and disadvantages of each are 
pointed out. 
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In the latter chapters an extended account of soybean oil, 
its properties, methods of refining:, and industrial uses is pre- 
sented. Similarly treated are the uses of soybean proteins. 
The methods of extracting soybean phosphatides and proteins 
are given in detail. The manufacture of plactics, adhesives, 
sizing materials, and others is well covered in the closing 
chapters. This book should be a good reference for all those 
interested in the soybean industry. — P. A. B. 

Transactions of the American Institute of Mining and Metallurgical En- 
gineers (Incorporated) Volume 127. Petroleum Development and Tech- 
nology 1988. Petroleum Division. Papers and Discussions Presented 
Before the Division at Meetings Held at Los Angeles, October 1, 1937; 
Oklahoma City, October 7 to 9, 1987; New York, February 14 to 18, 
1938. New York, American Institute of mining and metallurgical 
engineers, Inc., cl988. 744 pp., illus. Price, |S. 

This volume maintains the usual high standard of publica- 
tions of the A. I. M. E. in presenting a series of technical papers 
covering the progress of current research and development of 
Petroleum Engineering, including the papers presented at the 
sectional meetings of the Petroleum Division of the Institute, 
held during the year 1937-1938 at Los Angeles, Oklahoma City, 
and New York. Fundamental problems of oil production treated 
in separate papers by engineers from various fields in the United 
States include the “Spacing of oil wells” to obtain maximum 
recovery consistent with economic considerations, “Excessive 
pressures and pressure variations with depth of petroleum 
reservoirs in the Gulf Coast Region,” “Pressure drilling op- 
erations at Kettleman Hills, and effect on initial production 
rates,” and “Desalting of crude oils.” The three most recently 
discovered notable oilfields in California are described by en- 
gineers operating in the respective fields. A chapter on en^ 
gineering research includes papers on the various live and per- 
tinent problems of oil technology introduced by one discussing 
the perennial question of the “Origin of petroleum.” 

The importance and interest of many of the papers are aug- 
mented by the Inclusion, thereafter, of a stenographic report of 
the discussion of the particular issues involved in the respective 
papers. 

Nearly one-half of the volume is devoted to oil production 
during the year 1937, in various oil-producing states of the 
Union, countries and oilfields. Thirty-one papers are included, 
giving a rdsum6 of oil production by States and fields in the 
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United States and twenty-four reporting production and oil 
development in foreign countries. 

A very brief chapter on “Refinery engineering for 1937“ 
ecmcludes the volume. Some papers include lists of references. 
There are many graphs and tables. — ^H. N. J. 

Research and Statistical Methodology. Books and Reviews 198S-1938. By 
Oscar Krisen Bnros, Editor. New Brunswick, Rutgers University 
Press, 1938. 100 pp. Price, $1.25. 

Books and monographs on statistics and statistical research 
methodology, reviews of which are published elsewhere, are not 
always available to teachers or researchers. Buros, with the 
aid of Rutgers University, has accomplished an admirable 
piece of work to meet such a need, by gathering into one book 
of a hundred passes, scattered literature that makes publica- 
tions on statistical subjects easily accessible. 

The book under review contains (a) a classified index to 
books on research methodology and statistical methods; (b) 
“collated excerpts” of critical reviews of these books or mono- 
graphs published recently; and (e) a comprehensive index to 
titles and authors separately of matters treated in the book. 
As the title of the book indicates, only books and monographs 
written and published recently, between January 1, 1933, and 
November 15, 1938, are included by the editor. Besides the most 
critical portions of the reviews of these books being excerpted 
and collated and published herein, full bibliographic information 
as to American and English prices and publishers is also given. 

Reviews of statistical and research methodology book.s in all 
fields, such as actuarial mathematics, agriculture, biology, busi- 
ness, economics, education, engineering, forestry, history, mar- 
keting, medicine, psychology, sociology, vital statistics, and the 
like, from ail available sources, published in Belgium, Canada, 
China, England, Holland, India, Scotland, South Africa, Sweden, 
the United States, and other countries, have been excerpted 
and collated in this book, a fact which therefore makes this 
volume a very handy guide in locating and selecting the par- 
ticular type of book which the reader in statistics needs. 

Although the present book is capable of enlargement by in- 
cluding standard books in statistics published earlier than 1983 
and written in languages other than English, Buros and Rutgers 
University have given us a very valuable reference book on 
statistics and research methodology, the selection of such pub- 
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lished books being confined to a period in which new develop* 
ments in the theory of statistics have taken place. — T. J. J. 

Rubber-Growing: Elementary Principles and Practice. Compiled and 
prepared for publication by A. Moore. Kuala Lumpur, The Rubber 
Research Institute of Malaya, printed by Kyle, Palmer & Co., Ltd., 
1938. 82 pp., illus. Price, 60 cents. 

This article contains valuable information of the cultivation 
of rubber trees, the extraction and preparation of latex, and 
the protection of the trees from their various plant and animal 
enemies which rubber planters ought to be familiar with. It 
answers fully the long-felt need for a concrete guide in the 
selection of land suitable for rubber growing. It also treats 
of the right distance in planting as well as the correct way and 
the time of tapping the trees, the right procedure of making 
high quality sheet rubber, and the proper care and marketing 
of the product with a view to obtaining ^e maximum production 
at the minimum expense. This article is instructive as it pre- 
sents fundamental principles underlying rubber culture in simple 
language free from the many technical terms which are often 
confusing to the layman. 

While this publication is intended primarily for the enlight- 
enment of rubber planters, particularly the small estate holders 
in Malaya, it is also of interest to persons interested in the 
proper care of plants and the conservation of the soil, like the 
agriculturist, the horticulturist, the landscape gardener, and the 
forester of other tropical countries. This manual contains 
photographs and diagrams. — M. G. 

Tropical Nursing, A Handbook for Nurses and Others Going Abroad. 
By A. L. Gregg. With a Foreword by the Hon. Sir Arthur Stanley. 
London, Cassell and Co., Ltd. 199 pp.. Ulus. Price, 6s. 

This is a handbook that answers many of the questions and 
problems which almost daily confront the nurses working in 
tropical countries, more particularly those actively engaged in 
field work in remote and isolated places where the services of 
medical men are not generally avail^le. It is precisely under 
such circumstances that the book fulfills a most necessary serv- 
ice, for in it the nurse as well as the layman finds a ready 
reference for information, advice, and direction to follow in 
coping with the different ailments and emergencies met with 
in the East. 

As the title suggests, liberal space is devoted to the descrip- 
tion of tropical diseases, giving their causes, the symptoms of 
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the different stages of their development, their treatment, and 
their prophylaxis. Malaria, dysentery, beriberi, and the dif- 
ferent worm diseases which are most prevalent are discussed 
more in detail than the rest. 

The book is interesting, instructive, and comprehensive. It 
is a wealth of knowledge to which field nurses, especially, should 
have access at all times for reference. Its size permits it to 
be carried conveniently in a pocket or in a bag. — E. M. A. 

Some Methods for the Detection and Estimation of Poisonous Gases and 
Vapors in the Air. A Practical Manual for the Industrial Hygienist. 
By A. S. Zhitkova. Edited and with an introduction by Prof. S. I. 
Kaplun. Translated under direction of Joseph B. Ficklen. West 
Hartford, Connecticut, Service to Industry, cl9S6. 198 pp., illus. 
Price, |3. 

This book is a valuable guide in the estimation of noxious 
materials found in industrial air. In 83 chapters it discusses 
the properties and estimation of substances usually dispersed 
in air in modem industrial plants. Some of the methods and 
apparatus described are new and ingeniously devised to solve 
some of the problems in this new field of applied chemistry. 
Micro-analysis, “specific” reaction (detection without isolation) , 
and colorimetric and nephelometric procedures are frequently 
employed when the nature of the air dispersion does not permit 
the use of ordinary methods. Concise and helpful information 
on the occurrence and toxicity of each material treated is given 
at the beginning of each chapter. The manner of computation 
is clearly discussed, making it easy for even beginners to under- 
stand. This book is illustrated and includes a bibliography. It 
is primarily useful to industrial hygienists and chemists. 

— R. T. S. 

New and Nonofficial Remedies, 1988, Containing Descriptions of the Articles 
which Stand Accepted by the Council on Pharmacy and Chemistry 
of the American Medical Association, January 1, 1938. Chicago, 
American Medical Association, cl938. 690 pp. biblio., index, sup- 
plement. 

The 1938 edition of this book fills a need always felt by the 
different professionals in the medical sciences. With the United 
States Pharmacopoeia, the National Formulary in the United 
States, and the Extra Pharmacopoeia in England as its pred- 
ecessors, this book was published for the first time by the 
Council of Pharmacy and Chemistry established in 1906 by the 
American Medical Association. If this book, was, in its earlier 
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editions, a casual reference, it now has become useful and a 
necessity. 

In the publication of this book rules were observed carefully 
so as to maintain perfect coordination with those for the United 
States Pharmacopoeia and National Formulary started by the 
American Pharmaceutical Association years previous to 1888, 
when its first edition appeared. The enormous materials are 
well disposed in the book. Thouflrh they are discussed by groups, 
the various remedies are described in alphabetical order so 
that any substance is easily found. 

The scope of this book is extensive, in the sense that it gives 
information on each remedy and a view of the different sub- 
stances in actual use, including vaccines, sera, vitamins, hor- 
mones, and the like. Some of them may appear as a duplica- 
tion of the United States Pharmacopoeia or National Formulary. 
What characterizes this book is the complete and exhaustive list 
of all the pharmaceuticals and their manufactures. The ac- 
ceptance of these preparations does not imply reconunendation 
and the physicians should be aware of this distinction. 

At the end of the book there are a general index, an index 
to distributors, and a bibliographical index of proprietary and 
unofficial articles not included in the text, although some of them 
are in vogue to some extent. To mention a few, we have op- 
tochin, the well-discussed sulphanilamide, and antuitrin. 

The New Non-official Remedies should be on the desk of every 
physician. It should accompany the United States Pharmaco- 
p®ia and National Formulary in the laboratory of every drug 
store. Chemists will find it an interesting reference. — M. V. R. 

Practical Tree Surjcery. By Millard F. Blair. Boaton, The Christopher 
Publiahing House, cl987. 297 pp., front., illus. Price, $4. 

This book, the latest on tree surgery, embodies the most ad- 
vanced and modern methods of practical tree surgery. The 
technical and practical knowledge with which the author is 
equipped makes him an authority on this subject and the most 
qualified to write on it. He discusses topics that are not only 
relevant but also essential to the broad aspects of the subject. 

The inclusiveness and thoroughness of the book will strike 
the reader at once. The topics are grouped into thirty-two 
chapters, arranged in the most systematic manner. The author 
deals briefly with general characters and types of deciduous 
and coniferous trees, palms, and omfimental plants. The prin- 
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cipal insect and fungous enemies of these groups of plants, the 
injuries that these enemies produce, and the control measures 
for all of them, are discussed. A brief discussion is also devoted 
to beneficial fungi, the mycorrhnm. For the main subject the 
author discusses at some length tree structures and their func- 
tion, principle of growth; trimming, planting, and pruning; 
types of braces and methods of bracing trees ; cavities and their 
repairs, cavity bracing, filling, disinfecting, and water proofing; 
grafting and budding; propagation, natural and artificial; and 
pollination in relation to the development of new varieties. 

It is noteworthy that throughout the discussion the author 
painstakingly avoids the use of highly technical terms without 
sacrificing thought or thoughts he wants to convey to the reader, 
so that any one with a limited knowledge of the fundamentals 
of biology can grasp without much difficulty the principles in- 
volved in the practice of tree surgery. 

Although the book is designed for use in the American tem- 
perate zone, the principles laid down in it can be used as guides 
to tree surgery in other temperate and tropical countries of 
the world. In view of this the book is highly commended as an 
important reference, particularly for forest pathologists and 
horticulturists. The book contains illustrations and a short list 
of references. — E. F. R. 
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THE ODONATA OF THE PHILIPPINES, II 
8UBORDEK ZYGOPTERA 

By Jakbs G. Nebdram And Mat K. Otobb 
Of Cornell Univereity, Ithaea 

TWBLTB FLATB8 AND TWO TEXT nOUKBB 

In the slender Odonata, commonly called damselflles, the winflTs 
of the two pairs are similar in form and elevated in repose. 
The head is transversely elongated, its outer prominences capped 
with hemispherical eyes. The abdomen in the male is equipped 
at the tip with two pairs of clasping appendages, and in the 
female always with an ovipositor beneath the terminal seg- 
ments. 

In venation nodus and stigma are as in the Anisoptera, but 
the relations of the veins behind the arculus are very different. 
Instead of triangle and supratriangle there is a quadrangle 
(text fig. 3 , . 4 , 6 to 10 ) that is, the morphological equivalent of 
the two together extending outward in the axis of the wing. 
Below the quadrangle is a subquadrangle that is likewise the 
equivalent of the anisopterous subtriangle plus the space ex- 
tending from it proximally to the anal crossing (Ac). The 
outer ends of the quadrangle and the subquadrangle are thus 
brought into line, forming a transverse brace two cells long 
that join veins M 4 and A. This connective is often a convenient 
mark. It is called the medioanal link (ma). 

The nymphs of the Zygoptera are slender; often very slen- 
der, especially in the abdomen which does not contain a gill 
chamber, the gills being external. Generally there are three 
gill plates at the end of the abdomen with their edges set ver- 
M6W 289 
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tically and their surfaces traversed by a rich network of respi- 
ratory tracheoles. Sometimes they are inflated^ and sometimes 
heavily chitinized and bearing spinous ridges that are better 
adapted for defense than for respiration. In Rhinocypha the 
middle gill plate is rudimentary and the others are wholly chiti- 
nized. 

In addition there are single pairs of ventral gills under the 
sides of the abdomen on segments 1 to 7 in many nymphs of the 
Agrionidse (Plate 11, fig. 139), 

Below is a list of the Philippine zygopterous Odonata known 
to us, with the known nymphs marked as before. Those herein 
first described are marked with a star, those heretofore known 
with a dagger. A dagger in parenthesis indicates that the 
nymph of another species of the genus is known, not the species 
following it. 

AGRIONID.E 


Euphma eora Ria. 
(*)Euph«a refulgens S^lys. 
Euphma amphicyana Ris. 
Hcterophma ruficolliB Ria. 
Heierophma barbata Martin. 
Cyclophma cyanifrona Ris. 
(*) N eurobasis luzonensis S^lya. 
(\)Ve8talis melania S4Iys, 


Cyrano unicolor Sdlys. 
Rhinocypha turconii S^lya. 
Rhinocypha aemitincta S61ys. 

(*) Rhinocypha colorata S61y8. 
(\)Libellago asiatica S^lya. 
{\)Micromeru$ lineatus Purmeister. 
Devadatta argyoides S^lys. 
Devadatta filipina Bp. nov. 


CCENAGRIONIDi®: 


concinna S4lys. 

Lestes prmmoroa S^lya. 
(l)Drepano8ticta lymetta Cowley. 
Drepanoeticta halterata Brauer. 
Drepano8ticta myletta Cowley. 
Drepanoaticta megametta Cow- 
ley. 

IDrepanoaticta lestoidcs Brauer. 
Drepavosticta septima sp. nov. 
IProtostieta annulata S^lys. 
Caconeura integra S^lya. 
Caconeura obaoleta S61ys. 

(*) Rhinagrion philippinum S61ys. 
Cosliccia dinocerae Laidlaw. 
Cceliccia brackysticta Ris. 

(*)Prionocnemi8 serrata 861 y a. 
Prionoenemis comuta Brauer. 
PrionocnemU atropurpurea Brau« 
er. 

Prionoonemia erythrura Brauer. 
Prionocnemia hmmatopua S41yg, 
Prionocnemia ignea Brauer. 


Prionoenemis flammea S^lys. 
Prionocnemia append i cut at a 
Brauer. 

Prionocnemia rubripea sp. nov. 
Argiocnemia rubeola S61ya. 

(\) Agriocnemia femina Brauer. 
Agriocnemia velaria S^lys. 
Agriocnemia lunulata S^lya. 
Moroagrion danielli ap. nov. 

( l)Ceriagrion coromandelianum Fab- 
ricius. 

(*)Paeudagrion pilidorsum Brauer. 
Paeudagrion crocopa S41ys. 
Paeudagrion azureum sp. nov. 
Paeudagrion micro ceph alum Ram- 
bur. 

Paeudagrion flavifrona sp. nov, 
Paeudagrion evanidum sp. nov. 
Coenagrion pendulum sp. nov. 
lachnura aenegalenaia Rambur. 
(^)Iachnura elegana Lind. 
Pericnemia ineallida ap. nov. 
Perienemia bonita sp. nov. 
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Pericnemis megregori 8p. nov. Teinobasis filum Brauer. 

Perienemia flavioomia sp* nov. Teinobasia filamentum ap. nov. 

Pericnemta cantuga ap. nov. Teinobaaia corolla ap, nov. 

IPericnemia glauca Brauer. Teinobaaia nigra Laidlaw. 

Wericnemia leatoidea Brauer. Teinobaaia atrigoaa sp. nov, 

lAmphicnemia furcata Brauer. Teinobaaia olivacea Ria. 

Teinobaaia dentifer sp. nov. Teinobaaia aamaritia Ris, 

Teinobaaia filiformia Brauer. Teinobaaia recurva S61ys. 

A good bit of the material representing the commoner species 
has been collected by students in the course of class field work, 
most of the duplicates coming from Los Bafios and vicinity. To 
name the collectors of all specimens under our account of each 
of these species would take up far too much space ; yet we wish 
to give credit to all who have helped. To that end we list the 
names of all those not elsewhere accredited with more valuable 
material, as follows: F. T. Aala, Claudio Adam, Anselmo P. 
Afalla, Faustino Agcaoili, Domingo M. Alava, Juan M. Alacon, 
Antonio C. Alberto, P. E. Alcala, J. Amores, E. V. Andaya, I. 
AngJ S. H. Angel, V. P. Antonio, T. A. Araneta, Isaac J. Aris- 
torehas, M. Oro, R. Asibal, Pedro Asico, Alvaro Asuncion, M. 
Asupcion, P. Asuncion, L. Alicbusan, M. Avila, Generoso E. Ba- 
ladad, Alfredo Barrera, D. Batenga, P. R. Bautista, S. Belo. 
Victor Belo, A. D. Benitez, L, Boongaling, T. C. Briones, C. B. 
Brizuola, G. Bumagat, F'. Butac, P. Cabreros, R. Cabahug, Es- 
teban Cada, I. Cadelina, E. Caguicla, M. Caguicla, M. Camero, 
F. A. Cana, M. 0. Caneda, Leon Capinpin, S, R. Capco, E. Ca- 
randang, Pedro Carbonell, J. Casa, 0. Casupang, I. Cayafiga, M. 
Cero, Juan Cinco, Felicidad Chan, B. P. Clark, P. D. Collado, 
Amado F .Coste.s, Cenpn Flor Cruz, P, V. Cruz, N. Cuevas, B. 
Dalid, Manuel Dinglasan, Federico Deximo, F. Dumaguing, A. 
C. Duyag, G. E. Edwin, Pilar V. Elayda, Pablo Enrile, D. Eami- 
lao, P. Erce, S. Estocapio, A. Evangelista, L. D. Fadullon, T. 
Pay.san, A. C. Felix, F, Felix, D. Fermin, F. Fermin, Andres B. 
Fernandez, F’elix Flores, F. de Leon Flores, 0. Fontanilla, W. 
Figueroa, P. C. Gabertan, J. Galapon, Celerino Gariando, R. B. 
Gines, J, Gironella, P. Gloria, J. Goguly, S. S. Gonzales, T. S. 
Gonzales, Rodolfo Guerrero, R. Guillem, Justino Guiyab, Fortu- 
nate Guzman, H. Hadden, J. T. Hernandez, A. Hilario, S. Inu- 
merable, Onpel S. It, Kan Jalavicharana, Antero T. Jocson, Bar- 
tolome Javier, V. Juan, Elias Lantion, C. Las Marias, B. Legaspi, 
Isidro Macaspac, Vicente Madrigal, Felix Madrid, P. A. Magana, 
C. Magno, A. Malabayabas, P. D. Malang, Caesar Mamon, S. 
Manaig, C. G. Manuel, P. Macariola, Onofre Martin, Luciano 
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Marzan, Misruel Manresa, Jr., P. R. Manacop, I. Monje, A. Mon- 
tallana, L. J. Neri, A. A. Ocampo, Roderigo Odes, F. Oliquino^ 
B, Orig, V. Orque, P. Ortiz, M. Ouano, G. O. Palis, A. Palma, G. 
Pangga, C. Pangramuyen, N. Pepito, I. Perez, M. Plurad, R. 
Pugeda, G. Quiaoit, A. Ramos, M. Rebueno, F. Reformina* Res- 
titute Reslerd, V. Revicencio, Fernando de los Reyes, J. Reyes, 
F. Rivera, S. R. Roque, A. Sabado, Jos4 Saddul, T. San Pedro, 
J. K. Santiago, Rudyardo Santiago, J. Santo Domingo, A. D. 
Santos, Dominador Santos, H. S. Savella, Theodore SchUck, A. 
Serquenia, Bartolome Sison, C. B. Tantoco, Bartolome B. Tan, 
J. P. Tecson, P. Tiambeng, B. P. Tolentino, C. Valdez, V. Vale- 
noba, Marcos Vega, Pedro Ventura, F. Verallo, I. Villafuerte, 
L Villamoneda, Leo Yadao, Ramon Yanga, B. Yfiiguez. 

Key to the genera of PhUippine Zygoptera. 

ADULTS 

L Wings with more than five antenodal croisveins 2. Agrionidjb. 

Wings with but two antenodal crossveins Ccenagrionidsb. 

2. Arculus nearer to nodus than to wing base and with its two sectors 

arising from its upper (anterior) end - Devadatta* 

Arculus nearer to wing base than to nodus, and with its sectors arising 

from middle or nearer its lower end — 8. 

8. Vein Mi not arched forward from end of quadrangle, M« and Cua 

strongly divergent at edge of wing 7. 

Vein M* arched forward from end of quadrangle, Mi and Cu, con- 
vergent at edge of wing 4. Libellagin^o. 

4. Middle fork (Mf)* askew forward 6. 

Middle fork symmetrical or askew backward Micromerue, 

0. Stigma bordered behind by three cells Libellago, 

Stigma bordered behind by five or more cells 6. 

* The arculus with the two sectors springing outward from it is always 
easily recognized, and the middle fork is always the first fork in the upper 
sector of the arculus. 

FiO, t. Veniitional characteni of odonate wlnat. i, Principal valna and tbeir cotinao- 
tion ; f, Cordulepnitter aatfi, wingra; fomphine wing ba»e, male; 4 , IHicllulina 
wins base; 6, arcuiui and ita •c*ctom (Mir, M 4 ) ; B, Cvanocharia va/ffo, forawing; 
T, CaliphA'a conaimilia, part of wina baee ; ft, TalehtiMa $alva, forewini; ; 9, TfUebama 
aalva, part of wing base; lO, Anomulagrion hastatum, atigma. female with bract 
vein X. 

AtBRSVlATIONS 

Anal rein ; An, canal crofting ; or of, anal loop ; am antenodal crotsvelna ; ap pi, apical 
pianate : or, arculus ; b, basal tubeot tai crofsveln ; 6r, bridge ; Ba, midbaaal space, space 
before the arculus; bra, basal radial space; C, costa; Cu, cubitus; g, galT (fused portion 
of vein Cu? and Ai> ; hypertriangular space; Ml, media; m, membranuie. bordering 
the S'cellc'd anal triangle of the male hind wing; ma, roedioanal link; mf, middle fork; 
mpl, median planate; mr, midrib (bisector of anal loop); n, nodus; o, oblique vein; 
p, patella ; g, quadrangle ; R, radius; rm, radial sector; rpl, radial planate: a, subtriangle; 
Sc, aubcosU; aat, sector of the arculua; an, aubnodua ; aq, subquadranglc : at, stigma; 
t. triangle; tr pi, trigonal planate; u, point at which petiolation (atalk) of wing baa# 
ceaass; m, brace vain to atigma. 
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6. Nodus midway to stigrma; antenodal crossveius about e<;ual in number 


to postnodals - «... Cyrano, 

Nodus less than halfway out to stis^na: antenodals far less numerous 
than postnodals Rhinocypha, 

7. Stigrma wanting or ill defined 8. Agrionin-«. 

Stigma normally developed 9. EpALliAQiN^s. 

8. Midbasal space with crossveins Neurobasis. 

Midbasal space lacking crossveins Vestalis. 

9. Veins M* and Cut convergent to wing margin Cyclophma. 

Veins M« and Cui strongly divergent to wing margin 10. 


10. Sectors nearly straight; two rows of cells behind subquadrangle. 

Dysphma, 

Sectors strongly curved; one row of cells behind subquadrangle 11. 

11. Subquadrangle with four or five crossveins; middle fork (Mf) half- 

way from arculus to nodus; cell increase between veins Mi and Cui 

begins far before level of nodus Heterophma. 

Subquadrungle with not more than two crossveins; middle fork less 
than halfway from arculus to nodus; cell increase between these 
veins beginning at about level of nodus Euphma. 

NYMPHS 

1. Gills on abdominal segments 1 to 7; basal segment of antennie shorter 

than segment 2 EPALLAOlNiK, only Euphma. 

No gills on abdominal segments 1 to 7; basal segment of antennae much 
longer than segment 2 2. 

2. Basal joint of antennae much shorter than entire remainder: median 

cleft of labium shallow, not reaching deeper than level of lateral 
lobes; gills represented by stout spines, tapering regularly from base, 

middle spine rudimentary «... 3. LiBELLACiNi®. 

Basal joint of antennae about as long as all remaining segments together; 
median cleft of labium deep and wide; gills long and widened beyond 
base 4. Agrionin;k. 

3. Rudiment of middle gill viewed from above a simple cone.... Rkinocypha, 

Rudiment of middle gill viewed from above notched at tip MicromeruB. 

4. Gills thickened, laterals strongly triquetral and spatulately dilated toward 

tip Neurobasis, 

Caudal gills all thin and not dilated toward tip Vestalis, 

AGRIONID^ 

In this family are many of the larger damselflies with broader 
wings and more abundant venation. Among those of the Phil- 
ippine Islands are some of the most brilliantly hued of living 
things. The rainbow tints and the gleaming green and gold 
of Neurobasis luzonensis, Euphsea refulgens, E. amphicyana, 
Rhinoeypha colorata, and Vestalis melania are of surpassing 
beauty. 

The three subfamilies here recognized represent extreme diver- 
sity in specialization, both as adult insects and as nymphs. 
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Genus SUPH.SA Rumbnr 

This genus is represented in the Philippines by three good 
species; refulgena S61ys, amphicyana Ris, and cora Ris. The 
validity of E. Semperi S61ys is extremely doubtful; de S61yi 
questioned it. We have before ua a series of refvlgem, grading 
perfectly into the characters 
by which he separated sem- 
peri, and we are deterred 
from declaring it a synonym 
only by the fact that we have 
not seen the type specimen. 

Among the hundred or more 
specimens of refulgens before 
us there are eight more or less 
definite types of color pattern, 
ranging from that of semperi 
through that of typical reful- 
gens to one with the wings 
almost half hyaline. The 
eight variants shown in text 
fig. 4 grade into each other 
through degrees of obfusca- 
tion. The male appendages 
of all are practically alike, and all discoverable minute variants 
in them have been found in one locality (Los Banos) . 

Key to the species of Euphsea. 

MALES 

1. Wings wholly or partly iniuscated 

Wings hyaline 

8. Both wings dark in major portion 

Front wings hyaline, hind wings dark 

■OPaSNA CORA Rli. Plata 12, Sta. 1S6 and IIT. 

Euphwa cora Ris, Mitt. MUnch. Ent. Ges. 20 (1930) 86, Mindanao, 
Surigao Province. 

Length of hind wing of male 25.6 mm. 

We have* before us one specimen of cora from Zamboanga 
Province. It is easily distinguished from the other Philippine 
species by the hyaline wings. The tip of the abdomen is badly 
crushed, so our figure is of necessity a partial reconstruction. 
The female has not been described. 


2 . 

coroe 

... TcfulgenB. 
amphicyana. 



Via. 4. VarUtion of wfngr eoloration in Euphma 


rtfulgtnt Seljrv. Croatbatehins {ndieatOB ma* 
tallc eolor; linciar shading, nonmetalic ob- 
fuscation ; and clear areas, hyaline. 
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mjTBMA KBFVLOBNS SAyik PlaU U. tgik IM orf U«> Plato U. in. tit atol ISS. 

S£lys, Synop. Calopt. (1863) 68, mala, Luzon, Manila; Mon. Calopt. 
(1864) 181; Bull. Acad. Belg. (2) 47 (1879) 876, female; tom. 
cit., 376 (as E. aemperi, Manila). 

Male, abdomen 85 mm; hind winer, 80. 

Female, abdomen, 81 mm; hind wing, 81.5. 

The males are gorgeous insects. The wings are brilliant 
metallic green, with violet reflections. 

Forty females of refulgens from various localities agree with 
Sdlys’s description: Base of forewings obfuscated to a point 
about halfway between nodus and stigma, where there is a 
transverse band of milky white about three millimeters wide, 
thence hyaline to stigma, tip of wing dusky ; hind wing entirely 
dark except for white band. 

KUPB/EA BEFtTLGENS S«7«. NTiaiib. 

Length, 17 mm; gills, 7; abdomen, 8; width of head, 4; 
width of abdomen, 8. 

A stocky brownish nymph with large, baggy, pilose caudal gills 
and seven pairs of long tapering ventral gills trailing under sides 
of abdomen. Head but little wider than long, flattish above, 
widest across ey^s, slowly narrowed behind to the broadly 
rounded hind angles. The broad excavation of the occipital 
margin is sharply carinate where it fits against a dome-shaped 
projection of the prothorax. Relative lengths of segments of 
antennae 5:10:6:7:6:6:4. Front of head below antennae 
scabrous, above antennal bases slightly swollen. The deeply 
serrate outer edges of mandibles visible from above head. 

Labium short and stout, its hinge reaching backward to meso- 
thorax. Side margins of mentum convex, in outer half sharply 
serrate with appressed hairs arising singly, one under each 
tooth. Median lobe of mentum produced, dome-shaped, with a 
minute goblet-shaped median notch (open at the bowl, closed 
down the stem of the goblet), lateral border beset by micro- 
scopic retrose serrations. Lateral lobes small, beyond outcurving 
base nearly parallel-sided, outer margin beset with microscopic 
clavate hairs; movable hook stout; between its base and the 
short truncate end hook two terminal hooks, the inner two-fifths 
and the outer one-third as long as movable hook; inner margin 
of lobe almost smooth. Outer hump on mandible armed with 
about ten strong teeth, whose concave sides shelter single 
clavate hairs of possibly sensory function. 

Prothorax depressed, disc shield-shaped, about twice as broad 
as long, narrowed in front to an anterior lobe that is set off by 
a shallow groove, and broadly rounded behind; beneath its 
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smooth and convex lateral marsrins the bulKinsr sides thickly 
beset with short stout spinules. Synthorax and wings con* 
colorous, the latter reaching rearward to end of abdominal seg- 
ment 6. Legs concolorous, stout; femora flattened. On hind 
margin of middle and hind femora and tibiae a line of long tawny 
hairs. 

Abdomen rounded above, expanded at lateral margins into 
segmental lobes that overlie bases of corresponding ventral gills. 
These gills on segments 1 to 7, single, pale, tinged with purplish, 
each longer than width of abdomen, bent backward at base 
and thence regularly tapering to slender tips. The usual caudal 
gills (perhaps not gills in function) hairy especially at the ends, 
enormously swollen in their basal three fifths, thence suddenly 
contracted to slender taillike tips. Swollen portion ovoid, flat- 
tened on opposed surfaces as if by mutual compression. 

The depressed front, flattened femora, short stout claws, and 
trailing position of the ventral gills, are all signs of a lotic source, 
and some of the numerous specimens are labelled “Molawin 
Creek, Los Bafios, June 26, L. B. Uichanco”. The others labelled 
“Los Bafios" are perhaps from the same source. 

lUPB^EA AMPHICYANA Rl*. PU«« 12. >••. IM uid ISt. 

Ris, Mitt. Mtinch. Ent. Ges. 20 (1930) 89, male, Mindanao, Surigao 
Province. 

Male, abdomen, 38 mm; hind wing, 31. • 

We have four specimens of E. amphicyana from Zamboanga 
and Cotabato Provinces. The anal appendages are of the same 
general type as in refulgem, but are clearly di.stinct (Plate 12, 
figs, 164 and 166.), 

BETEROPBaSA RUFICOLLIS Ki>. 

Ris, Mitt. Mtinch. Ent. Gea. 20 (1930) 90. 

This species we have not seen. It appears to be known only 
from the male type specimen from Inyauan (Imugan?), Luzon. 
It is a rather large (hind wing 42 mm) black and red species. 
The rather narrow hyaline wings are tipped with brownish be- 
yond the stigma. The species will be recognized by the bright 
red color of prothorax and abdomen, and by the venational char- 
acters stated in our key to genera. 

Nymph unknown. 

BBVEROPBASA BARBATA Mwtin. 

Martin, Bull. Mus. Hist. Nat. (1902) 607, Luzon, Manila, June; Bis, 
Mitt Mtinch. Ent Ges. 20 (1930) 90. 

This species we have not seen. It is known from a single male 
specimen. It is about the size of the preceding (abdomen. 
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55 mm; hind win?, 41). The color pattern of the prothorax is 
said to be more black than red, whereas in H. rufieollie it is 
more red than black. 

CrCLOPB^ CTANIFBONS Kla. Plate 11, IM. 

Ris, Mitt. Miinch. £nt. Ges. 20 (1930) 81, figs, male and female, Bi> 
nalaun, northern Palawan. 

This species we have not seen. It is a blackish slender species 
of moderate size (male, abdomen 36 mm; hind win?, 30.5; 
female, abdomen, 30 mm; hind win?, 29). Plate 12, fi?. 158, is 
a copy of Ris’s figure of the remarkable process of the wall of 
abdominal se?ment 2 in the male. This fi?ure, to?ether with 
the venational characters ?iven in our key, should be sufficient 
for the recognition of this species. 

NBUKOBASI6 LUZ0NEM8I8 riate is* li««. 159 . 161 . 162. 164. 16S. »ad 176. 

SfiLYs, Bull. Acad. Beljf. (2) 47 (1870) 860, Luzon; An. Soc. Esp, 
Hist. Nat, 11 (1882) 19, as a race of N, kaupii. 

One of the most beautiful of damselfiies; body shiny green 
above, yellowish beneath, forewings subhyaline, hind wings in 
male dark with violet reflections above and green reflections 
beneath, in the female translucent golden amber. Unique among 
Philippine Zygoptera in having midbasal space of wings tra- 
versed by numerous crossveins. 

One specimen was sent in 1918 from Magdalena, Luzon, by 
Dr. L. G. McConachie. Others have since been received at num- 
erous times and from many collectors in Luzon and in Mindanao. 
Neurobasis luzonensis is undoubtedly a common lotic species. 

NBUKOBASIS LUZONENSIS S4lra. Nraiph. 

Length, 22 mm; antenme, 12; gills, 15; hind femur, 10. 

Width, head 4 mm; abdomen, 3. 

A remarkably elongate, long-legged, sprawling nymph with 
antennie about three times as long as head, and with a labium 
that is mostly a rim for a wide diamond-shaped median cleft. 
Coloration mainly pale, marked with brownish. Head squarish, 
bare except for the four cornse which are truncate at neck, with 
prominent eyes at middle of sides. Antennae with an enormous 
basal segment, about twice as long as remaining six segments 
together, brownish, regularly tapering from base outward, 
square in cross section, clothed with microscopic,- outwardly 
directed spinules. Labium slender, parallel-sided in its basal 
half, then suddenly widened to base of long, linear, lateral 
lobes, and divided more than half its length by an enormous 
wide median cleft that is encircled distally by the thin, con- 
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vergent, linear, incurving sides of the median lobe. The ends 
meet a little beyond level of tips of lateral lobes. Midway of 
their length each armed with a single marginal spinule. 
Movable hook slender, moderate in length, end hook half as 
long; two other hooks of terminal border intermediate between 
these in length. 

Two broad pale stripes beginning on rear of head and extend- 
ing back to wing roots, the brown median band between them 
divided by a pale middor.sal line. Legs pale. Femora with two. 
tibia: with three browni.sh bands. Basal half of femora marked 
with two lines of numerous pale brownish dots. Wings in this 
.specimen reaching backward.s only to abdominal segment 4. 

Middle abdominal .segments of equal length, end segments 
diminishing in length in about the proportions 10:8:7:6. 
Dorsum with a submarginal pale band each side and with four 
brown dots ranged across apical border, these becoming larger 
and more distinct to rearward. Gills brownish, with extreme 
tips paler and with obscure paler crossbands, two on lateral, 
one on median gill. Crossbands thin, translucent, laterals 
T-shaped Iti cross .section, median crossband T-shaped. Cross- 
bands widened from base almost to tip, median crossband most 
widened and about one-fourth shorter than laterals. 

Luzon, Laguna Province, Mount Maquiling, Molawin Creek. 
June 9, 1932, altitude 200 feet. 

VBSTALIS UELANU 8«l7>. PUtc 12. IM and U 7 . 

Sfiiws, Bull. Acad. Belg. (2) 35 (1873) 474, Luzon; ibid. 47 (1879) 
■360, Luzon, Mindanao; An. Soc. Esp. Hist. Nat. 11 (1882) 19, 
Mindanao; ibid. 20 (1891) 213, Dolores, Angat. 

This very broad-winged damselfly (male, front wing, length, 
36 mm; greatest width, 13) is wholly blackish in appearance 
until the light falls obliquely on the upper surface of the wings ; 
then they fairly sparkle with the richest tints of metallic blue, 
with a touch of shiny green and golden at the extreme base. 
Thi.s species is easily recognized by the venational characters 
given in the key; the intercalary veins are all hitched on to the 
principal veins in such a manner that the latter appear to be 
repeatedly forked. 

Luzon, Mindanao, and Samar, 61 males and 39 females. (H. 
C. Mvzzall, A. C. Duyag, C. F. Baker, B. P. Clark, G. E. Edwin, 
R. Cabulig, and G. O. Palw. 

The nymph differs from all other known agrionine nymphs 
in having the three caudal gills thin and platelike, much as 
in the Coenagrioninse. It has been adequately described and 
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illustrated by Ris (1912) for F. luetuoaaJ No nymphs of the 
Philippine species have come to us. 

Genua CYRANO novum 

Allied to Rhinocypha but differing markedly therefrom in 
stature, in proportions of wing, and in shape of face. Body 
very stout, swollen basal abdominal segments broadly depressed. 

Eyes less wide apart than in Rhinocypha, the very thick 
prominence of face more broadly rounded and less projecting. 
Postclypeus wider than long, transversely ridged rooflike across 
middle, sloping forward down to its free border above labrum 
(which it does not surpass) and backward down into the deep 
furrow where it meets the frons. 

Nodus much farther out in wing than in Rhinocypha, being 
halfway to stigma, ante- and postnodal crossveins approximately 
equal in number (postnodals often more than twice as nu- 
merous as antenodals in Rhinocypha). Front and hind wing 
margins parallel for about half wing length. Wide middle 
fork (Mf) strongly askew forward, vein M 2 arising a little 
(sometimes a cell length) beyond subnodus. 

Type, Rhinocypha unicolor S61ys. 

CTBANO irmCOLOR S^lr*. Plato 12. «■•. t4» uid 150; Plata 10. flc. 200. 

SfLYS, Bull. Acad. Belg. <2) 27 (1869) 665, female, Manila. 

Male, abdomen, 22 mm; hind wing, 27 to 28. 

Female, abdomen, 20.6 mm ; hind wing, 29 to 30. 

This species appears not to have been described hitherto, but 
merely named, with measurements stated for a single female 
specimen in Dr, Hagen’s collection and with remarks upon its 
large size. Name and measurements were communicated to de 
S41ys, who did not see the specimen.® The name doubtless 
refers to the clear wings — another anomaly for Rhinocypha. 
The species is well represented in the collections before us. 

Head of adult male deep uniform black with a pair of cunei- 
form pale spots just lateral to paired ocelli and a pair of round 
pale spots on occiput (scarcely visible on old specimens). La- 
bium, labrum, anteclypeus, frons, and occiput hispid. 

Prothorax black, posterior lobe clad with long black hairs. 
Syn thorax velvety black with a few touches of metallic violet. 
Dorsum, ventral half of sides, and venter hispid. Legs long, 

•Tijd. V. Entomol, 65 (1912) 177, pi. 8. 

’ Our determination of this dam.selfly was corroborated by a comparison 
with the type kindly made for us by Dr. Nathan Banks. 



», » Needham and Gyger: Philippine Odonata, 11 251 

^lender, black, armed with an abundance of Ion? spines. Win^s 
hyaline, with a very small amount of obfuscation at extreme 
base. Veins black, stigrma darkest brown. Ante- and postnodals 
about eighteen or nineteen each. Quadrangle traversed by three 
or four crossveins, subquadrangle usually by four or five. 

Abdomen rather stout. In younger specimens it is slightly 
metallic brick-red on the dorsum of segments 2 or 3 to 8 with 
black lines on all carinie; somewhat darker, more brownish red 
on venter; in very old specimens, entirely black with metallic 
violet reflections on dorsum. The strong lateral carinse of seg- 
ments 3 to 8 inclusive are slightly indicated on segment 2. A 
prominent dorsal ridge runs from the end of segment 2 to the 
middle of segment 9. 

Anal appendages black; superior slightly dilated inwardly 
near tip. Inferiors much swollen basally, a little more than 
half as long as superiors, strongly toothed at tip, internally cleft 
with the supra-anal plate, vertically inclined, lying in cleft. 

Teneral specimens much paler, on head and thorax a pro- 
minent pattern of dark brown and yellow. Two broad and con- 
spicuous yellow stripes fill the wide vertical grooves that lie 
between the prominence of the face and the eyes. These stripes 
bare, thus standing in contrast with black hairy prominence, 
following eye margin upward, and narrowing to a point at level 
of ocelli. Three pairs of small i.solated yellow spots in black on 
top of head; the larger pair between ocelli and eyes, the other 
two pairs in a single crossline farther back, inner pair minute. 

Black dorsum of thorax divided by a yellow antehumeral stripe 
that is interrupted on both pro- and mesothorax. On sides of 
thorax two lines of yellow spots, three small elongate spots above, 
two of these beneath subalar carina, the third farther forward; 
two big angulate yellow blotches below, one of these extending 
down to middle coxa, the other up to base of hind wing. Venter 
mainly yellow, with brown on the front of each coxa, and in 
cross streaks between coxje. Behind rear coxse two more cross 
streaks of brown, rearmost streak in an area that is densely 
hairy. 

Abdomen with large yellow spots on sides of two basal seg- 
ments, only carinse on segments 8 to 10 and appendages black. 
Remainder pale or with varying degrees of darkening according 
to age. 

Female colored like younger male in head and thorax, but on 
abdomen narrow areas along longitudinal carin® yellow i.sh on 
segments 2 to 6, and round yellow spots persisting in middle of 
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black sides of segments 8 and 9. Appendages and apical seg- 
ments otherwise black in mature specimens. 

Luzon, Tayabas Province, Quezon Park, 12 males and 4 fe- 
males (F. Juan) ; Zambales Province, Amiling, 1 male: Laguna 
Province, Mount Maquiling, 5 males and 3 females (C, F. 
Baker) ; Ube, 2 males (McGregor and Celestino) ; Los BaSos, 7 
males and 4 females; Mount Banahao, 6 males and 2 females 
(G. A, Pangga) ; Cavite Province, Indang, 1 male (P. Free) ; 
Alfonso, 1 male (M. Rosell). 

Nymph unknown. 

Genus RHINOCYPHA Kambur 

Of this large and widely distributed Oriental genus of small, 
broad-winged damselflies two brilliantly colored species, R. colo- 
rata and R. semitincta, are very common in the Islands, and a 
third, R. turconii, less common and known hitherto from the male 
only, is represented in the collections before us by specimens of 
both sexes. 

Selys * records a fourth species, R. tincta, from Manila. 
Kirby '' does the same. These authors are probably in error, as 
most specimens collected in the East Indies were shipped from 
Manila or Singapore. R. tincta seems not to occur in the Phil- 
ippine Islands. 

The two first-named, R, colorata and R. nemiliucta, are very 
close together and possibly are not distinct, although from the 
material at hand we believe them to be. In the females of both 
the extreme tips of the hind wings are milky white — ^in semi- 
tincia the forewings also have this opaque edging. In colorata 
females the wings are a rather washed-out brownish with a 
narrow band of darker brown just behind the milky area, 
connected on the hind margin with a broader band of brown 
about halfway between nodus and stigma. The forewinga of 
semitincta females are dark brown from well before the nodus 
to a point a little before the stigma, thence hyaline to the white 
tips; the hind wings are dark, lacking this clear area. The 
coloration of the wings of the males of colorata is quite variable, 
but it rarely starts as far proximad in the wings, or has such 
a pronounced angle in the middle of the wing ,aa that of semi- 
tincta. The tips of the forewings of colorata nearly always 
have a lighter area, while the color is uniform in semitincta. 

‘ Syn. Cal. (1863) 64. 

“Cat. Neur. Odon. (1890) 114. 



79 , » Needham and Gyger: Philippine Odonata, II 263 

Usually, also, the metallic coloring in semitineta is much more 
brilliant. 

The lustrous iridescence of the broad colored area of the 
wings — ^brilliant metallic blue changing to green and gold and 
purple — is very beautiful. 

Key to the species of Rhinocypha. 

1. Front wings colcred 2. 

Front wings hyaline turoonii 

2. Inner margin of colored area in wings of male with a strong reentrant 

angle several cells proximad of nodus; abdominal segment 10 deeply 
excavate dorsally; wings of female dark brown semitineta. 

Inner margin usually entirely distal of nodus and without a strong an- 
gle; abdominal segment 10 slightly excavate dorsally, wings of female 
pale brown - colorata, 

BfilNOCTPBA TURCONIl Plate 12. Sri. 147 and 148. 

S^LYS, An. Soc. Esp. Hist. Nat. 20 (1891) 215, male, Panay, Cebu. 

Male, abdomen, 18 mm ; hind wing, 23 to 25. 

Female, abdomen, 17 mm; hind wing, 24. 

This species is easily separated from the two following by 
the wing pattern. The forewings and the proximal two-thirds 
of the hind wings are hyaline with the distal third of the latter 
sharply marked off, black in the male, and pale brown in the 
female, hitherto undescribed. 

Female. — Head black with yellow-cream markings as follows : 
A large triangular spot on base of each mandible, a similar spot 
on the posterolateral corners of snout, a narrow line against 
anterior margins of eyes, a pair of small round spots just be- 
hind and lateral to the paired ocelli, another similar pair behind 
and lateral to ocelli. 

Prothorax black, with cream-yellow spots on sides. Syn- 
thorax black with a long slender dusky yellow humeral dash, 
followed in the same line with a small cuneiform spot, a broad 
basal yellow stripe starting on hind margin of middle coxae and 
running back to abdomen. Legs black exteriorly, powdered 
with white on inside. Forewings subhyaline, saffron-stained to 
level of stigma, hyaline below and beyond it. Hind wings same 
as forewings to a point about halfway from nodus to tip of 
wing, from there on washed with brown with a large round clear 
spot in center of dark and a tiny tip of opaque white on most 
distal point of wing. Ante- and postnodal crossveins 12 : 27 
and 13 : 18 in forewing and hind wing, respectively. 
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Abdomen black, with yellow band from thorax continued in 
a broken and diminishing line down the side — ^broken into a 
dash and a dot on segments 2 to 6, three medium dots on seg> 
ment 6, and three very small dots on segment 7, absent there* 
after. A ventral distal margin of yellow on segment 8. 

Male — Forewings wholly subhyaline with only a tinge of 
brown across extreme apical margin. Apical third of hind wings 
opaque blackish brown, sharply defined. Hind wings dilated in 
apical half, much broader than forewings, and tapering regularly 
from near base of stigma to base. 

Mindanao, Zamboanga Province, Kabasalan, 9 males (ff. C. 
Muzzall). Luzon, Laguna Province, 1 male and 1 female, col* 
lector unknown ; Mount Banahao, 1 male, G. A. Pangga. 

UUNOCTPHA SBMITINCTA S^ljrs. Plat* M. Sgs. 141 an4 141. 

SClys, Bull. Acad. Belg. (2) 27 (1S69) 664, male and female, Mo- 
luccas ; ibid. (2) 3S (1873) 491; An. Soc. Esp. Hist Nat 11 (1882) 
20, Mindanao; ibid. 20 (1891) 213. 

Male, abdomen, 17 mm; hind wing, 21. 

Female, abdomen 18 mm; hind wing, 21. 

Mindanao, Cotabato Province, Kidapawan, 6 males and 2 fe- 
males (B. P. Clark) ; Zamboanga Province, Kabasalan, 12 males 
and 17 females (H. C. Muzzall). 

BHINOCYPBA COLOBATA 84lri. FUto 11, flsi. 1» ts ISSt Piste 11. flsi. 141 to 144. 

SClys. Bull. Acad. Belg. (2) 27 (1869) 664, males, Luzon, Manila; 
ibid. (2) 35 (1873) 489; tom. cit, 490, as R. frovtaliB; ibid. (2) 
86 (1873) 616 as R. albiatigma; ibid. (2) 47 (1879) 896; An. Soc. 
Esp. Hist. Nat. 11 (1882) 19, Luzon, Cebu, Bohol, eastern Min- 
danao, up to 1,800 meters; ibid. 20 (1891) 214, Dolores and SibuL 

Male, abdomen, 16.5 mm; hind wing, 21. 

Female, abdomen, 17 mm ; hind wing, 21 to 24. 

One thousand seven hundred males and females from prac- 
tically all localities and collectors. 

BHINOCYPHA COLOBATA 84lri. Nrmph <rappMritl«i). 

Length, 12 mm; tail, 5; antennse, 4; abdomen, 7.5; hind 
femur, 4. 

Width, head, 3; abdomen, 3. 

This smooth nymph has the body linear, moderately depressed, 
with banded appendages and spine-tipped abdomen^ Head sub- 
triangular, widest across rear of eyes, suddenly narrowed be- 
hind eyes to rounded hind angles and a deeply excavate occipital 
margin. On each hind angle is a prominent nipple-shaped 
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tubercle below which are scattered minate prickles. Antennae 
brownish, with a pale ring on a long basal joint that nearly 
equals in length all joints that follow. Labium flat, its hinge 
reaching back to mesothorax; labial mentum evenly narrowed 
from lateral lobes backward to hinge ; labial front border slightly 
produced and roundly bilobed. Three pairs of brown marks 
on its pale surface, one pair on lateral lobes externally, one pair 
at their bases, one pair at sides of median cleft. Movable hook 
on end of lateral lobe longer than any of four similarly curved 
terminal hooks below it. The innermost terminal hook is the 
end hook, which has a subtruncate tip. On the flat under sur- 
face of head beneath the eye runs a longitudinal carina that 
is beset with stout spinules. 

Prothoracic disc brownish, with a broad median pale stripe, 
suddenly widened behind middle in a pair of prominent lateral 
tubercles, between which is a smaller pair of tubercles. Median 
pale stripe continued rearward to end of abdomen. Femora 
light brown, thrice ringed with paler; remainder of legs pale. 
Wing cases reaching rearward to middle of abdominal segment 
6. Developing venation in wings with fourteen ante- and 
thirty postnodal crossveins. 

Abdomen depressed, linear, a little narrowed on last two seg- 
ments, both of which bear stiff spines at their posterolateral 
angles. Middle gill rudimentary, represented by a conic point 
surmounting a subtriangular plate hardly longer than wide. 
Two laterals long, tapering, sharply triquetral, margins beset 
with stout spines intermixed with slender hairs. Laterals 
brownish banded with pale in middle and at tips. 

Two well-grown specimens from Molawin Creek, Los Bafios, 
June 26, 1926, from Dr, L. B. Uichanco. 

While not reared, these nymphs agree in number of nodal 
crossveins with colorata and not with turconii, the other local 
species. 

UBELLAOO ASIATICA Stin. 

S£lys, Bull. Acad. Belg. (2) 47 (1879) 884, male, female, Luzon. 
Mindanao; An. Soc. Esp. Hist. Nat. 11 (1882) 20, Luzon, Min- 
danao; ibid. 20 (1891) 216, Dolores. 

Abdomen, 21 to 22 mm; hind wing, 18 to 19. 

We have no specimens of this small species. It is clear- 
winged, with scantier venation than Rhinocypha, and differs fur- 
ther in having vein M4 zigzagged beyond the quadrangle. 

msz — • 
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mCBOMESCS UNBATUB Bmittetn. 

BimuxiSTKR, Handb. d. Ent 2 (1889) 828; Fiusm, Fauna Br. Ind. t 
(1934) 60 (full bibliography). 

Hind wing, 16 to 20 mm. 

This species, not as yet reported from the Philippines, is 
known from Formosa and Borneo, and it thus being found on 
either side of the Islands we have included the genus in the key. 
It is a slender pale species with wings stalked halfway out to the 
quadrangle and with only five or six antenodal crossveins. It la 
unique in our fauna in the skewness to rearward of the middle 
fork (Mf), and in the remarkable slant of the medioanal link 
(ma). By these characters it should be easily recognized. 

Its nymph was figured by Fraser ® and the figure was copied 
by the senior author in his Manual of the Dragonflies of China, 
plate 17, fig. 4. 

OXVADATTA ABGTOIDBS 

S2ly3, Bull. Acad. Belg. (2) 7 (1869) 449, male, Singapore (in Te~ 
traneura); An. Soc. Esp. Hist. Nat. 11 (1882) 20, Mindanao and 
Basilan; Kikby, Syn. Cat. Neur. Odon. (1890) 111. 

Male, abdomen, 31 mm; hind wing, 27. 

Female abdomen, 25 mm; hind wing, 24.5. 

Female hitherto unknown. 

Female . — Head a rather uniform gold-brown. Labrum a lit- 
tle lighter with a fine line around free margin and one darker 
line a little behind and paralleling it. Labrum line between 
post- and anteclypeus, and excavate margin of occiput all with 
a sparse fringe of stout hairs. 

Prothorax gold-brown, touched with black on tip of anterior 
lobe and on posterolateral margins. Synthorax of same general 
color, a little darker on dorsum, with three lighter stripes on 
the sides — one antehumeral, one on suture between segments, 
and one on metepisternum. Femora pale, twice ringed with 
darker, tibiae and tarsi darker. Femora, tibiae, and tarsi armed 
with two rows of strong spines, those on lower half of outer row 
on fore tibiae very closely set and shorter than the others. Claws 
bifid at tip. Wings hyaline, very faintly stained with brown at 
extreme tip, intercalary sectors more hooked at posterior wing 
margin in forewing than in hind wing. Stigma evenly yellow. 
Ante- and postnodals 7 : 27 and 8 : 19 in forewing and hind 


'Joum. Bom. Nat. Hist. Soc. (4) 82.- 
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wing, respectively. First four antenodals continuous with 
second series in forewings, first five continuous in hind wings. 

Abdomen brown, basally ringed with a fairly broad band of 
paler on segments 2 to 7. Sheath of ovipositor externally finely 
denticulate. 

Male . — Head metallic steel-colored marked with livid. Tho- 
rax black, strJped with livid. Abdomen marked as in female. 

Luzon, Laguna Province, Los Bafios, one female. 

OBVADATTA FIUFINA ■». noT. Plat* 13, flea. 1««, MS, IM. 

Male, abdomen, 36 mm; appendages, 1.6; hind wing, 81.6. 

Female, hind wing, 31.5. 

Male . — Head black, with metallic green and violet iridescence, 
somewhat swollen behind eyes. 

Prothorax dark brown, bordered behind with black. Poste- 
rior lobe entirely black, point of anterior lobe black. Synthorax 
black, with a pale spot directly below base of forewings, a nar- 
row pale line on suture between meso- and metathorax; a pale 
spot at upper anterior corner, base and lower half of anterior 
margrin pale, a pale stripe on middle of posterior border of mete- 
pimeron. Legs long, armed with strong spines; femora rather 
pale, tibiae and tarsi darker; claws bifid at apex. Wings narrow, 
strongly petiolate, hyaline, margined at tips with dark brown, 
more broadly so in forewings than in hind wings. Stigma al- 
most black, a trifie paler distally. Ante- and postnodals 10 : 33 
and 8 : 28 in forewing and hind wing, respectively. 

Abdomen black; .segment 1 dark brown except for margins; 
segments 2 to 7 basally ringed with paler, narrower on segment 
2; segment 8 showing some vestiges of this ring; superior ap- 
pendages black, twice as long as segment 10; inferiors dark 
brown, less than a quarter the length of superiors. 

Female . — Head black, metallic, paler behind vertex. 

Prothorax brown, darker basally; posterior lobe black, bor- 
dered posteriorly with pale brown. Synthorax dark brown, 
with a pale line on each lateral suture and a pale spot in anterior 
dorsal corners of meso- and metepimera. Legs a.s in male. 
Wings hyaline, fuscous beyond stigma. Stigma proximally dark 
brown, distally creamy. Ante- and postnodals 9 : 34 and 9 : 27 
in forewing and in hind wing, respectively. 

Only first three segments of the abdomen present, dark brown. 
Segment 1 apically bordered with* black, segment 2 narrowly 
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basally ringed with pale, segment 8 more broadly basally ringed 
with pale brown, with a round spot of creamy yellow in middle 
of each side of pale ring. 

Allotype, female, Mindanao, Bukidnon Province, Tangkulan, 
(C. F. Baker) . 

Type, male, Mindanao, Agusan Province, Santiago, April, 1931. 

This species resembles D. multinervosa Fraser in that the first 
five antenodals show correspondence between the first and second 
series in the forewings of the male and both wings of the female, 
but is widely different from it in the number of nodal crossveins. 
It differs from D. argyoidcs SSlys in the lack of accessorj’ cross- 
veins in the cubitoanal space, and from D. podolestoides Laidlaw 
in the shape of the superior anal appendages of the male. There 
are other minor differences. 

C(ENAGRIONIDAS 

This family includes the smallest of Odonata. All our ma- 
terial consists of slender clear-winged species, distinguishable at 
a glance from all other Philippine Odonata by having but two 
antenodal crossveins in each wing. 

The nymphs are correspondingly slender, with three thin and 
leaflike gills at the end of the abdomen (inflated, so far as is 
known, only in Drepanosticta) . The median lobe of the labium 
is generally entire, never with a widely open median cleft, and 
both lateral and mental raptorial setae are generally present. 

Key to the genera of the Philippine Ccmagrtonidm. 

ADULTS 

1. Middle fork (Mf) nearer to arculus than to nodus; stigma bordered 
behind by more than two cells.. Lkstin^, only Lestee, 


Middle fork nearer to nodus than to arculus 2. CciCNAGRlONiNJK. 

2. Vein Cuj rudimentary or wanting 8. 

Vein Cu* well developed 5. 

S. Subquadrangle divided by a vein that cuts off a small diamond-shaped 

basal portion Drepanoeticta. 

Subquadrangle open, undivided - - d* 

4. Anal crossing (Ac) resting on hind wing margrin * Protoeticta. 


Anal crossing separated from hind margin by an intervening cell. 

Caconeura^ 

6. With supplementary or intercalated sectors between some of principal 

longitudinal veins Rhinagrion, 

With no such sectors (other than Mta) 6. 

6. Tibial spines very long, twic^ as long as intervals between them 7. 

Tibial spines short, rarely longer than their intervals 8. 



Veri/icaiWi Table, 
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7. Base of vein Rs one or two cellB beyond »ubnodu8...« Cmliceia- 

Base of vein Rs four or five cells beyond subnodus Prionocnemia. 

8. Arculus out beyond second antenodal crossvein.......^ 9. 

Arculus opposite second antenodal crossvein. - 11. 

9. Middle fork before subnodus . — * — 10. 

Middle fork beyond subnodus — — TeinobaBtB, 

10. Postnodal crossveins 10 to 12 — Argiocnemie, 

Postnodal crossveins 6 to 8 AgriocnemiB* 

11. Middle fork before subnodus ... 12. 

Middle fork beyond subnodus — 17. 

12. Wing stalked not as far out as anal crossing 13. 

Wing stalked to or beyond anal crossing 16. 

18. Stigma covering more than a single cell Moroagrioru 

Stigma covering not more than a single cell 14. 

14. With 6 or 7 crosslines between subnodal and 1 crossline descending from 

base of vein Ma Paeudagriotu 

With three or four auch crosslines so situated 16. 

15. Female with no midventral apical spine on abdominal segment 8; male 

with no middorsal bifid apical elevation on abdominal segment 10. 

Ccenagrion, 

Each sex with these characters Jseknura, 

16. Head and thorax with a pattern of bright colors Paeudagrion, 

Head and thorax concolorous, without pattern Ceriagrioju 

17. Wings stalked to anal crossing - Pericnamie. 

Wings stalked much beyond anal crossing. 18, 

18. Subanal plates of male normal, rounded Amphicnemia. 

Subanal plates of male long, pointed, appendagelike Teinobasia. 

NYMPHS ’ 

1. With raptorial setas on movable hook of lateral lobe of labium.... Leatea* 

With no setas on this hook 2. 

2. Median lobe of labium cleft at apex..... 8. 

Median lobe of labium entire at apex 4, 

8. Cleft open; no raptorial seta - — Drepanoaticta. 

Cleft closed ; labium with one lateral seta on each side RkinagriotL 

4. With but 1 mental seta on each side 6. 

With 3 or 4 mental seta on each side 6. 

6, Gills parallel-sided; with a joint across middle Paeudagrion, 

Gills obovate; no Joint across middle Ceriagrion, 

6. Lateral seta 4 or 6 AgrioonemU, 

Lateral seta 6 or 7 7. 

7. Gill tips merely acute; mental seta 4 or 6..« Ccenagrion, 

Gill tips acuminate; mental acta 6 or 7 laohnura, 

^This key is to be used with due regard to the fact that nymphs of 
many native species and even genera are still unknown, and that the charac- 
ters stated for the four genera last named in the key are drawn from 
spedies not found in the Philippines, 
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LESTES Leach 

Of the two species of this genus recorded from the Philippines, 
L. prsemorea S^lys and L. condnna S^lys, only the latter is 
represented in the material before us. Both are dully colored 
yellowish species that develop distinctive color patterns at 
maturity and become blackish with age. In general they will 
be readily distinguished by the following key. 

Key to the epeeiee of Leetee. 

1. Front of synthorax each side with a blackish stripe that is trilobed on 
its outer margin; sides behind humeral suture with a number of fus- 
cous dots; dorsum of abdomen becoming uniformly darkened. 

prtmorea. 

Front of synthorax with a single wide median parallel-sided blackish 
band (often lacking; never with paired stripes farther out) ; sides 
wholly pale; abdomen with a middorsal blackish stripe on segments S 
to 10 — - coneinna. 

Nymphs of the genus Leetee are very elongate and slender. 
They are easily recognized by the form of the labium, which is 
excessively long, narrow, with converging sides in its basal 
half, and then suddenly expanded to its spoon-shaped end. 
The lateral lobe is so remarkably formed as to be quite dis- 
tinctive of the genus (Plate 15, fig. 217). It terminates in a 
very deeply demarcated end hook above which are two spines 
with a serrated terminal border between them; also the mov- 
able hook is armed with 2 or 3 strong raptorial setie. The gills 
are long and thin, pedunculate at base and obscurely segmented 
along axis beyond base. The best account of specific characters 
within the genus is that by Ris for European species.® No 
Philippine nymphs of this genus have come to us. 

LESTBS PBAHOB8A SOti. 

S£ly8, Bull. Acad. Belg. <2) 13 (1862) 36, Manila; Latolaw, Ind. 
Mus. Rec. 16 (1919) IM, fig.; Ris, Zool. Mededeelingen 10 (1927) 
11; NiXDHAH, Man. Dragonflies of China (1980) 235, pi. 16, fig. 6. 

1.B8TB8 CONCmNA B4lrt. Plato U. t««. n4 utU SIS. 

S£i.Y 9, Bull. Acad. Belg. (2) 13 (1862) 27, Manila; An. Soc. Esp. 
Hist. Nat. 11 (1882) 21; ibid. 20 (1891), Dolores. 

A number of specimens of both sexes and of all degrees of 
maturity permits us to amplify the brief characterization of de 
S41yB that, for Philippine material, was based on a single teneral 


•Festschr. f. Zschokke No. 22 (1922). 
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specimen. Our tenerals agree quite well with that description, 
except that the very variable middorsal brown line on abdominal 
segment 8 is rarely (and then only indistinctly) 3-lobed. The 
stripe of which it forms a part extending the length of segments 
8, 9, and 10 is constantly present, as is also in the male a black 
line on the lateral margin of segment 9. The fuscous thoracic 
stripe that covers the middorsal carina is very variable, as is 
the brown line on the femora. There are, however, minute 
points of coloration on the two basal abdominal segments that 
appear to be very constant: a blackish dot on the side of 
segments 1 and 2, visible from the side, and a streak (two dots 
conjoined) in the pleural sutures of segment 1, visible only from 
below. There is an obscure transverse subapical mark of brown 
across the dorsum of segments 1 to 7, visible in most specimens. 
All these markings become overspread with a general infuscation 
in old specimens. It is only in these that the yellowish stigma 
becomes distinctly fuscous with pale terminal area. The dorsum 
may become black, but apparently never metallic. 

Genera PLATTSUCTA S^Iys. PROTOSTICTA S<lya, sad DREPANO- 

STICTA Uidlatr 

The material supplied us has been inadequate for determining 
the generic standing of some of the Philippine species that have 
been described under these generic names. Brauer described 
two species and S41ys one under the older and more inclusive 
name Platysticta, one of which, P. halterata Brauer, undoubtedly 
belongs in Drepanosticta, and one other, P. annulata S41ys, prob* 
ably does not. Cowley has more recently added three new 
species to Drepanosticta. Cowley says* they all “should be 
transferred to Drepanosticta,” but he also says “these three 
species are not known to me.” De Sdlys says at the end of his 
original description of P. aimulata, “Le rudiment do sector in- 
f£rieur du triangle manquant tout & fait, comme chez la Proto- 
sticta simplicinervis." 

Only one of these six species is represented in the collections 
before us, Drepanosticta lymetta Cowley. We therefore will 
undertake nothing further than a fuller characterization of that 
species, still insufficiently known; the description of a new 
species from a female specimen ; and a listing of the others with 
bibliographic references. 


'Tniw. Ent. So«. Load. SS (1986) 166. 
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Leavinfi: S^lys's P. annulata and our D. eeptima out of account 
and assuming that all the others belong in Drepaiwstieta, the 
males may be separated by the following key. 

A key to the speeies of Drepanoeticta. 


MALES 

1. No erect processes arising from hind lobe of prothorax leetoiOeB, 

Horns or prominences of some sort present 2. 

2. These processes upeurving triangular points myletta. 

These processes longer and more or less dilated apically S. 

8. These processes short, flat, each about as wide as interval between them, 

meffametta. 

These processes much slenderer 4. 

4. These processes obliquely truncate at converging tips «... lyinetta. 

These processes very long, sinuous, knobbed at end halterata. 


DBEPANOSTICTA LTMETTA Cowl«r. PUt« IL Hvl 197. 118. 200. 201. and 205; PUt* 
22. a«. 810. 

Cowley, Trans. Ent. Soc, Lend. 85 (1986) 661, figs., Surigao Prov- 
ince, Mindanao. 

Abdomen, 27 mm; hind wing, 20. 

Our material from the tjTpe locality agrees fairly well with 
Cowley’s description of the type material (two incomplete males, 
lacking the end segments of the abdomen) and with his figure 
of the appendages of the thoracic dorsum. These characters 
are adequate for recognition. 

A slender, plain, brownish, yellow-legged species, with abdo- 
men ringed with yellow. In the alcoholic specimen before us 
the dorsum of the head is blackish, with the ocelli paler. La- 
brum and antennse yellow. Legs yellow, including spines and 
claws, an obscure submedian band of brown on all femora. 
Thorax smoothly polished, pale brown except between leg bases 
beneath and at junction with abdomen. Wings hyaline, with 
brown veins and yellowish stigma. Abdomen lighter brown, 
with rather wide pale rings on base of segments 8 to 7. 

The sexes are practically alike except for the hind lobe of the 
prothorax as shown for both sexes in Plate 15, figs. 198 and 
202, and also the terminal abdominal segment. 

In the male, segment 10 is half as long as segment 9, one-third 
as long as segment 8, and a little less than half as long as the 
appendages. These segments brown, only a little paler beneath 
and on appendages, and with hair lines of black on transverse 
apical carinse. Appendages as shown in Plate 15, figs. 197 and 
200 . 
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A single female came with one of the males from Surigao 
Province (in the same envelope, whereas all the other males 
were separately papered) and is presumably but not indubi- 
tably of the same species. It is paler, with a plain ovipositor, 
and the dorsum of segments 7 to 10 is wholly pale. The 
sheath of the ovipositor is smooth, angulate on both angles at 
its tip, and bears a slender palp that is wholly pale (Plate 15, 
fig. 206). 

DBEPANOSTICA HA1.TBKATA Bnian. 

Brauer, Verb. Zool. Bot. Ges. Wien. 18 (1868) 661, Luzon; SfiLYB, 
An. Soc. Esp. Hist. Nat. 11 (1882) 80, Mindanao, May; Mem. 
Cour. 38 (1886) 153. 

Male, abdomen, 86 mm; hind wing, 25. 

Female, abdomen, 29 mm; hind wing, 21. 

OBBPANOBTICTA LESTOmSS Brmnr. 

Brauer, Verb. Zool. Bot. (^s. Wien. 18 (1868) 662, Mindanao; S£i,Y 8, 
An. Soc. Eap. Hist Nat. 11 (1881) 80, Mindanao, December 10 to 
12; Mem. (Dour. 88 (1886) 154. 

Male, abdomen, 43 mm; hind wing, 25. 

DBEPAN08TICTA MTUETTA Cawiv. 

CowLEnr, Trans. Ent. Soc. Lond. S5 (1936) 160, Borongan, Samar. 
Male, abdomen, 29 mm; hind wing, 19. 

DBEPAMOBTICTA HBGAHETTA Cowicr. 

Cowi£Y, Trans. Ent Soc. Lond. 85 (1936) 163, Mindanao, Surigao 
Province. 

Male, abdomen, 29 mm; hind wing, 18. 

Female, abdomen, 29 mm; hind wing, 21. 

PBOTOSTICTA ANNULATA BtXr^ 

S£lys, Mem. Cour. 38 (1886) 166 (in Plaivttieta), Lturon. 

Female, abdomen, 29 mm; hind wing, 21. 

DBEPAKOSTICTA BBPTUU «. aov. Plato 11. Baa. BM tmi IM. 

Abdomen, 81 mm; hind wing, 21.5. 

Postnodal croasveins 16 and 13 in forewing and hind wing, 
respectively. 

Female. — The color pattern of this single, rather immature 
specimen is remarkably similar to that of D. lymetta, except 
that there is a middorsal black stripe on abdominal segments 
8 to 10, narrowly divided lengthwise by paler. The form of 
the hind lobe of the prothorax as viewed from the front is 
distinctly 3-lobed and much wider, being almost the width of 



n. » Needham and Gyger: Philippine Odonata, II 265 

the body of that segment. The caudal appendages are much 
longer. The sheath of the ovipositor is very different, being 
strongly serrate on its lower border and rounded at both apical 
angles where that one is angulate. The palp at the end is 
stout and black-tipped. 

The single female specimen with abdominal segment 6 
broken in two in the middle and flattened, was collected in the 
island of Samar by R. C. McGregor, April 29, 1924. 

OSBPAMOSTICTA ip. Mmpli. 

The nymph of Drepanosticta is known for one species that 
Lieftinck has described from Java, D. sundana. Plate 16 
shows his figures of the nymph. It is most remarkable for 
the entire lack of raptorial sets on its gomphinelike labium. 

CACONEURA INTEGRA SMt*. Plat* IT. Sc*. M4 and 2M: Ptete M. •«. St4. 

S£lys, Mem. Cour. 38 (1886) 172 (in Diaparon&ura) ; An. Soc. Eip. 

Hist. Nat 11 (1882) 80, Basilan, Mindanao. 

Male, abdomen, 81 to 34 mm; hind wing, 20 to 22. 

We have a single male specimen from Kabasalan, Zamboanga 
Province, Mindanao, taken in July, 1932, by H. C. Muzzall. It 
is slightly larger than the single specimen of de S61ys, but agrees 
well with his description of coloration. A blackish species with 
a bluish stripe across head from eye to eye through ocelli, with 
sides of synthorax broadly and regularly striped with black and 
blue. Postnodal crossveins about seventeen and fifteen in fore- 
wing and hind wing, respectively. But one line of crossveins 
between quadrangle and subnodal line ; the lines farther out are 
£t 5 — 6—5-line intervals between ultranodal sectors. Abdomen 
black, with small blue areas at both ends on several segments. 
Male appendages (Plate 17, figs. 244 and 245) distinctive. 

GACONEURA 0B80LETA 8417*. 

SaLYB, Mom. Cour. 38 (1868) 173 (in Disparonmra) ; An. Soc. Eap. 

Hist. Nat. 11 (1882) 31 ("Quelle des Banko”). 

This species we have not seen. It is known only from a single 
discolored teneral specimen. Hardly anything in the de Selys 
description seems to distinguish it from the preceding species 
except the greater length of the abdomen, and that might be 
due to the flaccid condition of a teneral specimen, allowing the 
telescoped joinings of the segments to be extended. More and 
better material is needed to determine the status of this species. 


Treubia 14 (1984) 463-8. 
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raraAQRION PHIUPFINUM BAfi. Plsto U, ag*. *M to SM. IM, uto IMi Plato M, 
ag. MI. 

SfiLYs, An. Soc. Esp. Hist. Nat. 11 (1882) 21, Bohol; Mem. Coup. M 
( 1882 ) 94 . 

Male, abdomen 85 mm; appendage, 1.6; hind wing, 25. 
Female, appendage, 35 mm; hind wing, 27. 

Female hitherto unknown. 

Female. — Head patterned with black and olivaceous cream. 
Labrum black; base of mandibles pale; postclypeus black; an- 
teclypeus black, longitudinally divided in center by a pale band ; 
antennse black, with a pale ring around distal end on segment 1 ; 
eyes surrounded by a broad band of pale but with a long narrow 
cuneiform black spot against them on their occipital borders. 
An irregular T-shaped black spot over frons, vertex, and occi- 
put. (Plate 16, fig. 206.) 

Prothorax pale olive-cream on posterior lobe, on sides and on 
venter; on anterodorsal portion a hastate spot of black lying 
in an area of rich golden brown. Synthorax light golden brown 
on sides and dorsum, marked with greenish as follows; A pair 
of large oval spots on dorsum, an oblong spot lying vertically 
on top of mesepisternum and metepimeron, another spot on bot- 
tom of same sclerites and on metepistemum ; dorsal half of 
metepistemum greenish. Venter of s 3 mthorax pale greenish. 
Wings hyaline, with black veins and dark-brown stigma. Fe- 
mora pale, darkened at joints with tibise. Tibise somewhat 
darker, especially at ends. Tarsi Mack. Femora, tibise, and 
tarsi armed with two rows of long strong spines, outer row on 
fore tibise very closely set on distal half. 

Segment 1 of abdomen greenish, segments 2 to 10 reddish 
brown marked with paler and black. Apical carinse black, 
preceded by a pair of dorsal light spots, larger on segments 2. 
7, 8, 9, and 10. On segments 8 and 9 these spots extend almost 
the length of the segment. In more teneral specimens there is 
a lateral dark longitudinal stripe on segments S to 10. Tip of 
appendages black. 

Male. — ^Pattern on head, as far as can be seen in so teneral 
a specimen, generally same as in female. Wings as in Plate 20, 
fig. 291. 

This species has been known hitherto from a single teneral 
male specimen, from which the last four segments of the abdo- 
men were lacking. We are glad to be able to present a more 
complete description and figures of both sexes, and also of the 
nymph. Among the coenagrionines the adult will be readily 
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recognized by the unbraced stigma covering two cells and by the 
presence of intercalated sectors between the principal veins of 
the wing: also, in the female, by the huge ovipositor with its 
very long palp. 

Luzon, Laguna Province, Los Banos, 5 females, (L. P. Zialdta, 
R. Gines, Ernesto Padilla, M. Allas, and C. Pangramuyen) ; 1 
male and 1 female, collector unknown. Bangayas Bay, 1 fe- 
male (E. Carandang). 

BBIKACRION PHILIPPINTJM S<lr«. Nrmph. 

Length, 15 mm; gills, 4 additional; abdomen, 8. 

Width, head, 5 mm; abdomen, 4. 

A rather stout, smooth, brownish nymph with depressed head 
with sagging hind angles behind the rounded eyes, and with 
short, broad, heavily pigmented gills. Head flattened above, 
widest across the large eyes, then parallel-sided to the rounded 
and scurfy-spinulose hind angles, between these angles a widely 
excavate occipital border. Antennse about as long as head, 
pale beyond the two basal segments. Relative length of the 
seven segments 6 : 10 : 12 ; 13 : 10 : 7 : 6. At side margin of 
squarish head and beneath eye a longitudinal carina armed 
with about a half dozen sharp teeth that are visible from above. 
Just behind these teeth a series of more minute teeth that 
crown the outer hump on the mandible. Labium short, broad, 
and flat, its length to tip of median lobe hardly greater than 
its breadth, its basal width half its apical, its sides almost 
straight-margined. Median lobe prominent, with a closed mid- 
dle cleft, its border retrorsely and irregularly denticulate. 
Mental setae lacking. Lateral lobes narrow, each armed with 
a single raptorial seta beside base of which is a minute spinule. 
End hook very short; next to it on terminal border a stout 
hook almost as long as movable hook, between these two hooks 
another bladelike hook half as long, with both edges microsco- 
pically serrulate. Mandible armed with a terminal vertical 
row of stout arcuate teeth that diminish in size downward; 
on inner, concave side, two or three short clawlike unequal 
smaller teeth. Low, rounded outer bump of mandible covered 
with pedicellate spinules, serrately arranged, with tips pointing 
forward. 

Disc of prothorax shield-shaped, rounded behind, with pro- 
jecting truncate articulation prominence in front. Beneath 
low flaring front angles of prothorax two longitudinal carinae, 
both carinse armed with denticles that point forward, lower 



268 


The Philippine Journal of Science 


tm 


Carina on coxa. Wings on this nymph (probably penultimate 
instar nymph) reach backward to middle of abdominal seg- 
ment 6. Legs brownish on femora and tibise, twice banded 
with paler. Outer carinse of femora minutely serrulate. Tarsi 
pale. 

Abdomen stout, little depressed, regularly tapering to rear- 
ward, with a pale middorsal longitudinal line bordered by a 
single pair of sooty spots on each segment. Gills short, broad, 
oblong, very black except at extreme apex; laterals with mid- 
lateral carinse for half their length, carinse spinulose-serrate 
externally. Lateral margins of last two abdominal segments 
similarly margined. 

The developing venation in the wings shows the intercalated 
sectors that characterized only this known species in the fauna. 

Luzon, Laguna Province, Mount Maquiling, altitude 200 feet, 
April 9, 1932, live nymphs, only one well grown and with gills 
preserved. 

A nymph, apparently of this genus, was described and figured 
by the senior author in 1911 as belonging to the S^lysian "Legion 
Podagrion." ” At that time it was not more closely determin- 
able. The specimen was loaned to me for study by the Museum 
of Comparative ZoOlogy, Cambridge, Ma.ssachusetts. It bore the 
museum number SS4, and was labelled as coming from India, 
without more specific locality designation. A comparison of the 
figures above cited with those of R. philippinum presented shows 
close agreement herewith. A further comparison of the vena- 
tional characters cited in the above-mentioned paper with those 
shown by Fraser for adult R. mvma from Burma “ shows only 
very minor differences. The most notable recorded difference 
is in the much smaller number of apical costal crossveins beyond 
the stigma in R. mima: about four in mima, about ten in the 
unknown nymph. The latter may well represent a species that 
is still unknown in the adult stage. 

CCBLICCIA DINOCERAS LaMUw. Plato t7, Agt. 24* to 25 J. 

LAiDtAW, Philip. Journ. Sci. 28 (1925) 662, male, figs., Eolambagan, 
Lanao Province, Mindanao; Ree. Ind. Mua. 84 (1932) 33. 

Male, abdomen 36 mm; hind wing, 25. 

We have a single male from Mount Cantugas, Surigao Prov- 
ince, Mindanao, that agrees well with Laidlaw’s description, but 
not quite so well with his figure of the prothoracic horns which 

"Entom. News 22 (1911) 342, 348, pi. 11, figs. 1-4. 

“Faun. Brit. Ind. 1 (1938) 92, flg. 41. 
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may be variable; so we show a figure of them as they appear 
from the front in our specimen. In a side view (such as l^id- 
law's fig. 8) they show the terminal lobings of the upper side 
that suggest budding branches. These horns instantly distin> 
guish it from the following species. Postnodal crossveins six- 
teen and fifteen in forewings and hind wings, respectively. Mid- 
dle fork, Mf, at subnodus, with Rs arising well beyond it. 
Dorsum of the thorax with a pale stripe on each side, arising 
from front and tapering upward to a point, with an isolated 
more lateral spot near the crest. 

(XELICCIA BRACBYSTICTA Ki(. 

Ris, Suppl. Ent. 1 (1912) 63, male and female, Naujan, Mindoro. 

Male, abdomen, 44 mm; hind wing, 30. 

Female, abdomen, 41 mm; hind wing, 30. 

This species we have not seen. It differs most strikingly from 
the preceding in lacking the great horns of the hind lobe of the 
prothorax, the prothorax being broadly and evenly rounded. 
Postnodal crossveins nineteen and seventeen in forewing and 
hind wing, respectively. Middle fork, Mf, just before subno- 
dus, Rs arising beyond it. Dorsum of thorax wholly black. 

This species was overlooked by Laidlaw in 1925, but was listed 
in his monograph of Cceliccia in 1932. 

Genus PRIONOCNEMIS Selys 

This genus is peculiar to the Philippines and is one of the 
most interesting in the fauna. Five of the known species were 
described by Brauer in 1868 and three by de Selys later. Only 
one of these, P. hsematopm, has been adequately illustrated, and 
the nymph has not hitherto been described for any of them. 
We have had before us seven of the eight species and nymphs 
of one. For one species, P. serrata, we have had abundant ma- 
terial in all degrees of maturity, from callow tenerals to obfus- 
cated seniles, and it has been very instructive as to the vast color 
changes that some species of the genus undergo. 

The genus is readily recognized by easily observable char- 
acters of wing venation. The middle fork, Mf, is far out in the 
wing, at or even a little beyond subnodus. Veins Rs arising 
from four to eight cells farther out, unusually close to base 
of vein M 2 . Apical margin of wing more or less sinuate, by 
reason of emargination between vein tips. Correlated with the 
extent of this crenulation of the wing margin is the position of 
the arculus in relation to the second antenodal croasvein. When 
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the crenulations are rather deep and extensive, as in serrata, 
a^lirura, and appendieulata, the arculus is situated well beyond 
tMt <|il|^svein ; when shallow and few, as in atropurpurea and 
hasmatoj^, the arcfilus is opposite it. 

S6lys also described,, another species, flammea, from Minda- 
nao, which we have not seen but are inclined to regard merely 
as a form of ignea and have omitted from the key below. 

De S61ys (1882) offered a tentative key to the species, based 
mainly on color characters, which serve fairly well with fully 
colored male specimens. We give below a modification of that 
key, like his (except in the first rubric) , applicable only to fully 
colored males. The color pattern of females and all tenerala 
is given in Plate 14, figs. 171 and 172. 

Key to the Bpeciee of PrionocnemiH, 

ADULT MALES 

1. Body black, spotted and streaked with blue 2. 

Body black or red or both without blue spots 8. 

2. Middle lobe t)f prothoracic dorsum with a pair of low rounded tuber- 

cles - eerrata. 

Middle lobe with a pair of erect yellow horns (female) cornuta* 

8. Postclypeus metallic blue, body shiny black, tinged with purplish; legs 

chalky white internally — atropurpurea. 

No metallic blue on face and no white on legs 4. 

4. Body black and red 5. 

Body wholly red 6* 

6. Legs black erythrura. 

Legs scarlet hasmatopue. 

6. Postclypeus blackish 7. 

Postclypeus reddish ignea. 

7. Legs wholly reddish ruhripee. 

Legs brownish, with blackish marks on knees and at base of claws. 

appendiculata, 

PRIONOCNCMIS SERRATA Sell’s. Fl«t« 14, an. 171 t« IT*. 184 to l$t, and 181 to 188. 
SfiLYS, Bull. Acad. Belg. (2) 16 <1863) 154, Manila; An. Soc. Esp. 
Hist. Nat. 11 (1882) 24, Mindanao; ibid. 20 (1891) 216, Dolores. 

A hyaline-winged jet-black species very prettily marked with 
deep blue, and with outer ends of wing margins conspicuously 
serrate; but the coloration is extremely variable. In fully 
colored males the lower half of the face is blue, also the entire 
prothoracic dorsum except for a median black line that is 
widened at the rear. Two broad oblique blue bands on sides 
of synthorax, anterior band of double width in lower half. 
Abdominal segments with subapical blue rings, widest and 
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brigrhtest blue on segment 2. None of these markings developed 
on teneral specimens, all less distinct on females. Also, they 
are very erratic in their variability, some being developed when 
others are not. Rings on abdomen white, or some white and 
others blue. Segments 10 of abdomen and appendages wholly 
white or wholly black or anything intermediate, appendages 
when white often tinged with pale sky-blue. Pale legs darkened 
at knees and may Income distinctly lineate with fuscous on 
forelegs externally. 

Females always show less of the blue color. The hindmost 
of the two bands on the sides of the synthorax rarely appears 
at all; the black of the thorax is purplish, the sides of the 
abdomen are a purplish brown, sometimes with a reddish cast, 
and the subapical rings on the abdominal segments are white. 

Teneral specimens of both sexes are wholly pale, with darker 
joints to all the segments of both body and legs. Their wings 
often show a wonderfully fine iridescent color in which blue 
predominates. Tenerals will, however, be recognized by the form 
of the abdominal appendages in the male and by that of the 
prothoracic dorsum in the female; these are shown in Plate 
14. The arculus in this species is located well beyond the second 
antenodal crossvein. 

Luzon, Laguna Province, Mount Maquiling, Los Banos, and 
U^, many specimens of both sexes; Bay, Bangyas; Batangas 
Province, Tanauan, Taal: Tayabas Province, Quezon Park: Ca- 
vite Province, Indang: Rizal Province, Novaliches. Practically 
all collectors. 

PSIONOCNEMIB tp. Nrmph (8ERRATA •nppoattion) . 

Nymph apparently in penultimate instar. 

Length, 10.5 mm; gills, 3 additional; abdomen, 6. 

Width, head, 8.6 mm; abdomen, 2.6. 

A smooth brownish nymph with depressed head, short stout 
body, and wide blackish gills. Head widest across posterior 
third of very large and prominent eyes, narrowed at once behind 
them to rather small well-rounded scurfy pubescent hind angles 
between which it is widely and deeply excavate on the occipital 
border. Antenn® pale, relative length of segments variable as 
shown by two examples, 9 : 10 : 12 ; 11 : 4 : 2 and 7 : 10 ; 

9 ; 11 : 8 : 6 : 4. Labium broad and flat.'mentum about as wide 
as long, an equilateral triangle with eroded angles, straight 
lateral margins spinulose on distal half. Median lobe very 

U<8S • 
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prominent, broadly rounded at end, its margin beset with mi- 
croscopic retrorse serrulations. A pair of short mental seta 
starting almost in line with outermost angle and about as far 
from them as they are from each other. A transverse suture 
with a single nodule on it on each side, running across rounded 
tip submarginally. 

Lateral lobe short, very narrow, armed with two strong rap- 
torial seta. Movable hook very long and strong, longer than 
distance to basal articulation, strongly curved, smoothly taper- 
ing. End hook unusually large, similarly curving, insensibly 
passing basad into retrorsely serrulate inner margin of body 
of lobe. On inner side of end hook a shorter bladelike piece 
that is minutely serrate on outer upper side and around end, 
but smooth on margin next to end hook. 

Beside the labium and behind the basal articulation of the 
mandible there is a toothed carina similar to that in Rhinagrion. 

Prothorax depressed and smooth above. Legs concolorous, 
like the body. Their anterior carinse bearing minute spines, 
the posterior ones, sparse soft hairs. Wing cases reaching back- 
ward almost to abdominal segment 6. 

Abdomen smooth, a little depressed at base, becoming cylindric 
at rear end, where lateral margins of terminal segments are 
finely serrate. Gills short, broad, dark colored, divided by a 
very oblique groove into a large firm brown basal portion of two 
thirds their entire area, and a thinner apical portion that is 
abruptly rounded to a blunt apex. This outer portion heavily 
suffused with a dark pigment except for a narrow and very 
hyaline terminal border. The strong lateral carinse of basal 
portion heavily spinulose-serxate. 

The generic determination of this nymph is positive because 
of the fairly well preserved venation in the wings of our speci- 
men. The species is probably P. eerrata, for the arculus is dis- 
tinctly beyond the second antenodal crossvein, the postnodals 
are twenty, and the lines of crossveins farther out are well 
within the range of that species. The crenulations of the wing 
margin are not apparent, but probably do not appear at that 
stage of development. 

This nymph is superficially similar to that of Rhinagrion. It 
is adapted to the same kind of habitat as shown by its stout 
smooth depressed head, and narrow lateral labial lobes. It bears 
a sign of real affinity in the serrated blade that stands between 
the movable hook and end hook at the tip of the lateral lobe, but 
there Rhinagrion has a second hook beside it. 
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The specimens came in two vials (in one intermixed with 
nymphs of Rhinagrion), both from Molawin Creek; one labeled 
“Los Bafios, February, 1930, Entom. I Students” sent by Doctor 
Uichanco, and the other “Mount Maquiling 9 XI 1932 200’ alt.” 

PBIONOCNEMI8 COBNUTX Brun. 

Braubr, Verb, zool.-bot. Ges. Wien 18 (1868) B48, female, Luzon and 
Mindanao; S£lys, An. Soc. Eap. Hist. Nat. 11 (1882) 24; ibid. 20 
(1891) 216, male, Dolores. 

This species we have not seen. As indicated above, Brauer 
had only the female, and when de Selys later obtained specimens 
from Dolores he apparently had only the teneral male. He con- 
cluded his description of it with the remark that the diagnostic 
character for the species still remains in the form of the middle 
lobe of the prothorax. We have therefore used this character 
in our key. 

PBIONOCNEMIS ATROPCBPUBEA Braucr. PUU 14, fln. Itt, 1ST. 188. and 184. 

Brauer, Verb, zool.-bot. Ges. Wien 18 (1868) B49, Manila; S£LYa, 
An. Soc. Esp. Hist. Nat. 11 (1882) 24 (May to July). 

An elegant purplish-black species with conspicuously white 
femora and with only a suggestion of serrulation at the wing 
tips. The labrum and postclypeus are bare, shiny metallic green. 
The former has a thin marginal fringe of stiff brown hairs. 
Anteclypeus and corners of mouth white. Top of head velvety 
black. Entire body shiny plumbeous black with thin mem- 
branes at wing bases and at other sutures white. The male 
terminal appendages vary from black to white, usually being 
black above and white on the under side. 

Female . — The female is hitherto undescribed. 

Abdomen, 37 mm; hind wing, 26. 

The female is so different in aspect from the male that we 
would have hesitated to put the two together but for McGregor’s 
thoughtfulness in placing a pair in an envelope and marking it 
to indicate that they were taken in copulation. The two have 
but one color character in common and that is the shiny green 
metallic postclypeus. 

Almost concolorous yellowish brown throughout, possibly red- 
dish in life, paler beneath, with only a shiny green metallic 
postclypeus for distinction. Legs a little darker at joints of 
segments and on tarsi. Wing membrane a little tinged with 
brownish distally. Abdomen diffusely darkened on dorsum of 
middle segments and again on sides of segments 8 and 9. The 
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diagnostic character is again found in the conformation of the 
prothoracic dorsum, shown in Plate 14, fig. 180. 

Luzon, Laguna Province, Los Bafios, April 23, 1981, 2 males 
(F. Juan), April 26, 1931, 1 male {McGregor and Celestino) ; 
Ube, March 2, 1 male {McGregor) , April 26, 1 female {McGre- 
gor), April 19, 1 male and 1 female {McGregor). 

PUONOCNEMIS ERYTHRURA Branar. PUte 14, fln- 17S ud 1T». 

Brauer, Verb, zool.-bot. Ges. Wien 18 (1868) 650, Philippines; S£lys, 
An. Soc. Esp. Hist. Nat. 11 (1882) 24 (May 24 and 26). 

Abdomen, 86 to 40 mm ; hind wing, 24 to 26. The smaller of 
these measurements are from our single specimen, a mature male. 

A sooty blackish species, with blackish legs, and slender abdo- 
men that is moderately enlarged to rearward on segments 7 to 
10, and reddish on these segments. Wings slightly tinged with 
brown, strongly crenulate around outer end. The form of the 
male appendages is shown in Plate 14, figs. 178 and 179. 
Female unknown. 

We have seen but a single male specimen, taken at Quezon 
Park, Tayabas Province, May 18, 1931 {F. Juan). 

PRIONOCNEMIS affiHATOPUS Sdiri. Plato 14. fl«a. 177, 18», and 1(0. 

S^LYS, An. Soc. Esp. Hist. Nat. 11 (1882) 26, 1 pi., Mindanao. 

Male, abdomen, 89 to 41 mm; hind wing, 23 to 25. 

Female, abdomen, 33 to 87 mm; hind wing, 26 to 26. 

This species was illustrated by de S^lys in an excellent color 
plate. It is a large and very striking species by reason of its 
black mantle covering head and front of thorax, its orange 
sides, and its scarlet legs and feet. The female is mainly 
orange and paler, and also has scarlet legs. 

Our specimen agrees closely with the type. 

Luzon, Tayabas Province, Quezon Park, 8 males, collector 
unknown, 1 male and 1 female. May 10, 1931 {F. Juan), 1 
female. May 29, 1931 {F. Juan) : Laguna Province, 1 male, 
December 26, 1930, collector unknown; Los Bafios, 2 males, 
March 26, 1930 (G. I. Perez), 1 male, January 30, 1931 (L. 
Boongaling) , 1 male, April 21, 1931 {F. Juan), 1 male, Decem- 
ber 20, 1931 (L. Boongaling), 1 male, February 10, 1932 {J. 
Amores) ; College campus, 1 male and 1 female, February, 1931 
{M. E. Rosell), 1 female, February 10, 1932 {J. Reyes) ; Mount 
Maquiling, 1 male and 1 female, January 28, 1980 {A. C. Dw- 
yag), 1 female, January 27 to 31, 1930 {A. C. Duyag) : Cavite 
Province, 1 male, December, 1930 {M. E. Rosell) . 
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PBIONOCNBMIS IGNEA Braow. PUU 14. U. lU. 

Braues, Verb, zool.-bot. Ges. Wien 18 (1868) 647, Luzon; S£i:.ys, 
An. Soc. Esp. Hist. Nat. 11 (1882) 26, Manila. 

Male, abdomen, 87 to 44 mm ; hind wing, 22 to 27. 

Female, abdomen, 86 to 41 mm ; hind wing, 25 to 28. 

A single female specimen that agrees with Brauer’s rather 
brief description of the female type is so like the female of the 
preceding species that it may only be positively differentiated 
by the form of the hindmost lobe of the prothorax and by the 
ovipositor sheath which projects beyond the tips of the cerci 
farther than the latter are long and which in P. htematopus is 
only about half the length of the cerci. The hindmost lobe of 
the prothorax is not at all curved forward as in the preceding 
species but slopes a little backward and is deeply divided by a 
sharp median cleft. As in P. hssmatopus, the arculus is at the 
second antenodal crossvein and the wing apex is very slightly 
crenulate. 

Our specimen bears the label : “Agricultural College, Laguna.” 

PKIONOCNEMIS SUBRIPE8 «p. Bor. Plato 14. Ac*. ITS. ITS. and 1S3. 

Male, abdomen, 41 mm; hind wing, 27. 

Female, abdomen, 40 mm; hind wing, 27. 

Male {type ). — Head reddish, darker on postclypeus (some- 
times with bluish reflections in darkest part) and around indi- 
vidual ocelli. 

Prothorax and synthorax dull light orange, paler beneath, 
with touches of black at wing bases, middorsal carina narrowly 
black. Wings subhyaline, with dark-brown veins, and stigma 
narrow, hardly expanded in middle. Postnodals 19 in forewing, 
16 or 17 in hind wing. Legs entirely brilliant scarlet, long, 
with long spines also scarlet. Tarsal claws bifid near tip. 

Abdomen of same general color as thorax, with no very de- 
finite pattern but darker dorsally on segments 8 to 6 and on 
anterior end of segment 7. Appendages as shown in Plate 14, 
figs. 176, 176. 

Female (allotype ). — Coloration practically same as in male, 
with the following differences: Less dark around ocelli, protho- 
rax narrowly bordered dorsally both anteriorly and posteriorly 
with dark brown, legs about same color as thorax. Wings some- 
what broader than in male. Stigma yellow, bordered with dark- 
brown veins. Postnodals 18 in both fore- and hind wings. 

Ovipositor sheath broad, parallel-sided, strongly serrate below, 
projecting beyond tips of cerci by about length of latter. 



276 


The Philippine Journal of Science 


1M» 


The most striking difference between this and other species 
in the genus is the form of the posterior lobe of the prothorax 
(Plate 14, fig. 183). 

Mindanao, Surigao Province, Dinagat, 1 male and 1 female, 
April 1, 1931 ( A. C. Duyag). 

ntlONOCNEinS AFPSNDICULATA Bnacr. Plato 14. «(■. 181 ud 188. 

Braueb, Verb, zool.-bot. Ges. Wien 18 (1868) 548, Mindanao; SifiLYS, 
An. Soc. Esp. Hist. Nat. 11 (1882) 27 (early July to late August). 

Male, abdomen, 31.6 mm; hind wing, 21. 

Smaller species red all over except for a shiny blackish post- 
clypeus. Thoracic dorsum and last segment of abdomen some- 
what darkened ; in some specimens this segment quite brownish. 
Wings a little tinged with amber, more frequently the hind 
wings. Wing tips rather strongly crenulate, arculus well be- 
yond second antenodal. 

Female unknown. 

We have specimens (males only) from the following local- 
ities: 

Mindanao, Agusan Province, Santiago, April, 1931, collector 
unknown: Lanao Province, Kolambugan, May, 1932, collector 
unknown: Surigao Province, Mainit, June 31, 1931 (A. C. Da- 
yap) ; Dinagat, June 12, 1931 (A. C. Duyag) : Davao Province, 
Mati, April, 1927, collector unknown. 

ABOIOCNEMIS BtTBBOLA Sdlri. PUto tC, Bt*. »t uid 1X0: Plato 10. Be. 1(8. 

S£lys. An. Soc. Esp. Hist. Nat. 11 (1882) 29, Luzon; ibid. 20 (1891) 
218, Sibul. 

Following de S^lys we use this name, but with some doubt as 
to its validity. That question we must leave to others who 
have access to types and to material of a wider range. The 
one Philippine species that we have before us is represented by 
abundant material showing a wide range of color variation. 
We have no doubt it is the species listed by de S61ys, for there 
are red specimens that quite agree with his description. 

The color characters mainly used in past descriptions are 
very variable, and figures of genitalia are ^most wholly lacking. 
Fraser*® lists A. rubeola as a synonym of A. rubescens S61ys 
and then says at the end of his description of the latter ‘The 
species is distinguished at a glance from A. rubeola by the total 
absence of black on the labrum", which statement is a bit con- 
fusing. Assuming the correctness of his figure of the male 


“Faun. Brit. India 1 (1988) 406. 
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genitalia of A. rubeacens, ours is certainly different, as Plate 
16, figs. 219 and 220 will show. 

Such is the aspect of maturity in many of our red specimens 
that we are not wholly convinced that they are merely younger 
specimens. We prefer to treat the blacks and reds of this bi- 
colorous species as two color phases, at least until they have 
been reared through their reproductive cycle. 

Black and blue phase . — ^Adult male predominantly black with 
bright blue stripings on synthorax. Top of head black, with 
large oval blue postocular spots close to eyes. These spots a 
little longer than wide and lying with their long axes lengthwise 
to body. Face blue, paler near eyes, with more or less black 
upon postclypeus and on lateral margins of labrum. Antenna 
black. 

Prothorax black above, with blue anterior lobe, light touches 
of blue at sides of posterior lobe, a blue streak running down 
on front to fore femur. Synthorax black in front, with an 
antehumeral stripe of blue, continuous from crest to collar. 
Sides blue with a black stripe that extends from hind wing base 
to trochanter of hind leg, curving downward at its lower end. 

Legs black on femora externally, on tibia internally, and on 
tips of tarsi, with black spines and claws. Femora a pretty blue 
at base. Wings subhyaline, with brown veins and stigma. Post- 
nodal crossveins ten or eleven and nine or ten in forewing and 
hind wing, respectively. Wings not stalked as far out as anal 
crossing. 

Abdomen black above on segments 1 to 7 and on segment 10; 
segments 8 and 9 blue. Sides of segments 1 and 2 blue with 
diminishing lateral streaks of same color on segments 3, 4, and 
6; segment 10 pale only underneath. Superior appendages 
stout, fuscous, forcipate, obliquely truncate at end and with a 
very large Inferior basal tooth. Inferiors paler, bidentate at 
end, outer tooth longer. 

Red phase . — Male (apparently fully adult). Similar but 
wholly lacking blue color, except on postocular spots, and almost 
lacking black on abdomen. Abdomen reddish, brightest on 
dorsum of middle segments. Sides of thorax and legs pale, 
leg spines and tips of tarsi black. Abdominal segments 8 and 
9 pale, segment 10 wholly brownish. 

The male appendages are identical in both phases, and the 
females are similar to their corresponding males, but less bright- 
ly colored. 
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Luzon, Laguna Province, Pila, Los Bafios; Ube; Bay, Bang- 
yas: Manila: Nueva Vizcaya Province: Bulacan Province, Ipo: 
Eizal Province, Novaliches; Makabud, San Francisco del Monte: 
Tayabas Province, Lucban. Mindanao, Zamboanga Province, 
Kabasalan. Many speoimens. 

AGBtOCNBUIS FEHINA Braow. Plate 18 . tat. I<( and lU; PUta », ■«. Ml. 

Braucr, Verb, xool.-bot. Ges, Wien 18 (1868) 554 (in Afftion), Luzon; 
SfiLYS, Bull. Acad. Belg. (2) 43 (1877) 149 (as A, criewa ) ; An* 
Soc. Esp. Hist. Nat. 11 (1882) 29 (as A. oriciea)f Basilan; Need- 
ham, Zool. Slnica Ser. A 11 (1980) 254 (pi. 9, fig. 3, male, ap- 
pendage), Formosa; Fraser, Faun. Brit. Ind. Odon. 1 (1933) 402 
(figs., male appendages). 

Abdomen, 16 to 17 mm; hind wing, 11. 

This diminutive damselfly, one of the smallest in the order 
Odonata, is both widespread and abundant in the Philippines. 
It exhibits an extraordinary variety of coloration, varying with 
age, sex, and phase, but it is generally blackish above, greenish 
or reddish on its sides, and yellowish beneath. Old males be- 
come very pruinose on the face, thorax, and femora, taking on 
the appearance of having been heavily dusted with flour. Males 
will be readily distinguished from the following species by 
having the stigma of the same color in forewing and hind wing, 
and by the form of the caudal appendages. 

▲ORIOCNEMIS VELABIS Ulr*. Plat. 18. A,.. MT «id MB. 

8 £ lys , Bull. Acad. Belg. (2) 43 (1877) 146 (as A. pygmma), Manila; 
An. Soc. Esp. Hist. Nat. 11 (1882) 29. 

Abdomen, 20 mm; hind wing, 11. 

Of this species we have received but few specimens. None 
of the males are pruinose. The stigma of the forewings is 
much paler than that of the hind wings. The sides of the body 
and the small oval postocular spots on the head are bright green. 
The appendages of the abdomen (Plate 18, figs. 267 and 268) 
are strikingly different from those of the preceding species. 

Luzon, Tayabas Province, Candelaria, 2 males and 1 female, 
April 22, 1930 (F. Rivera). 

ABGBIOCMEMIS LUNULATA BOri. 

SltLYB, Bull. Acad. Belg. (2) 48 (1877) 189, Malaysia, Celebes, Sulu; 
An. Soc. Bsp. Hist. Nat. 11 (1882) 29, Luzon (as A. rubeola ) ; ibid. 
20 (1891), 218, Sibul. 

Male, abdomen, 28 mm; hind wing, 17. 

Female, abdomen, 26 mm; hind wing, 18. 

Top of head black with round greenish postocular spots, post- 
clypeus and labrum beyond its black base, bright green. Thorax 
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black in front, striped on sides with greenish. Abdomen black 
above, segments 7 to 10 reddish. Superior appendages of the 
male a little longer than 10, inferiors half as long. Postnodal 
crossveins eleven or twelve. 

We have not seen this species ; the present notes are abstracted 
from de S61ys’ original description. 

The nymph of another Oriental species, A. lacteola, was de- 
scribed by the senior author.^* 

Genaa MOROAGRION novum 

Body stout. Head broad, eyes set well forward. Antennal 
segment 1 very short, segment 2 long, equal in length to seg- 
ment 3. Legs heavily built, with strong spines of length about 
equal to intervals between them. Tarsal claws with an inner 
denticle near tip. Wings not stalked as far as anal crossing, 
ac, rather broad in proportion to length; quadrangle rhom- 
boidal, front margin less than half length of hind margin in 
forewing; arculus at second antenodal crossvein, anal crossing, 
ac, about halfway between first and second; Rs arising at 
subnodus, Mj arising well proximal to it, both veins approxi- 
mated at first intervening crossvein ; stigma lozenge-shaped, co- 
vering one and one-half cells. Anal appendages of the male 
with processes of subanal plates enormously developed, appear- 
ing like a third pair of appendages. 

In venation this genus differs little from Calicnemis, The 
upper side of the quadrangle is shorter and the space between 
it and the subnodal line of crossveins is longer, with three in- 
tervening crosslines in two of the four wings in the type speci- 
men (in C. atkinsoni there is often but one crossline in this 
space in the hind wing). The stigma is a little longer and 
the base of vein a little farther out. 

Greater differences occur in the abdomen, which is much 
stouter in Moroagrion and distinctly widened to the apex on the 
three last segments. Also segment 3 is relatively shorter in 
Moroagrion; it is more than twice the length of segment 2 in 
Calicnemis. The raised and denticulate ridge around a de- 
pressed field at the end of the dorsum of segment 10 is entirely 
lacking in Calicnemis. 

HOKOAGRION DANIBLU ip. nov. Flat* IT. fl«a. <40 and <41 ; Plata <«. 6it>. <94 and 207. 

Male, length, 39.5 mm ; abdomen, 29 ; appendage, 1 ; hind wing, 


Dragoufiies of China (1030) 265, pi. 19, fig. 2. 
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A brilliant black and orange species. Head gross, covered 
with stiff hairs, black, with yellow and orange markings : a band 
across front of labrum, one band covering anteclypeus, one band 
across anterior margin of frons. Genm and labium yellow, a 
pair of yellow spots on inner angles of occipital border. First 
two segments of antenna with apical rings of yellow. 

Prothorax black, with an orange margin on front and hind 
lobes and a large orange spot on sides on posteroventral comer. 
Synthorax black, banded with orange and yellow; an orange 
humeral stripe broken near wing base, a yellow stripe on middle 
of metepimeron which does not reach to wing base, and a yellow 
dash on carina below wing; metepisteraum mostly yellow, bor- 
dered with black, black invading yellow in upper third of me- 
tepisteraum for about half its width, l^egs black, shaded with 
orange on tarsi and terminal two-thirds of tibia. 

Wings rather broad, hyaline, with dark veins and stigma. 
Postnodals thirteen or fourteen and twelve or thirteen in fore- 
wings and hind wing, respectively. Postnodal crosslines before 
the base of M 2 , four and three in forewing and hind wing, re- 
spectively. 

Abdomen mostly orange, steraites black. Segment 1 black, 
with two yellow spots on sides; segment 2 with ventral proxi- 
molateral touches of black, apical ring incomplete on dorsum; 
segments 2 to 6 orange with apical rings of black; segment 7 
black on dorsum and halfway down sides, except for ends which, 
with the area below middle of sides, are orange; segment 8 dor- 
sally black for proximal two-thirds, black emarginate distally; 
segment 9 similarly black for a little more than proximal half; 
segment 10 orange, with two dorsolateral spots of dark brown 
near base. Relative lengths of segments 3 : 6 : 10 : 10 : 10 : 
10 ; 9 : 5 : 4 : 3. On dorsum of segment 10 a terminal trian- 
gular depressed area, bordered proximally by a row of erect, 
stubby denticles. Anal appendages about as long as segment 10 ; 
superiors and processes of subanal plates about equal in length, 
inferiors somewhat shorter and turned up at tips. Superior 
appendages dark brown, inferiors black, processes of subanal 
plates yellow with black tips. (Plate 17, figs. 240 and 241.) 

One male from Guara, P. I. 10 VII '08. 
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CBBIAGRION COSOMANDELUNUM Fabrlclot. PM* IT. tfik 847 anti 848. 

Fabricius, Ent. Syst. Suppl. (1798) 287, India; S^lys, Bull. Acad. 
Belg. (2) 42 (1876) 528; An. Soc, Esp. Hist. Nat. 11 (1881) 28, 
Panaon; Martin, Mission Pavie (1904) 18 (of reprint), Indo-China, 
Celebes; Bis, Abhl. Scnckenb. Naturf. Ges. 34 U908) 619; Need* 
BAH, Zool. Sinica Ser. A 11 (1930) 263, pi. 19, fig. 10; FraseR, 
Faun. Brit. Ind. Odon. 1 (1933) 315, fig. 

This widely ranging coastwise species is the most uniformly 
colored damselfly in the Islands; dull yellowish brown all over, 
only darker above and paler below as usual, and sometimes 
tinged with reddish, even in old dried specimens; of a more 
vivid tint in life. 

Abdomen 28 to 30 mm ; hind wing, 18 to 20. 

The nymph of a related species, C. erubescens, was described 
and figured by the senior author in 1980.*® 

Genus PSEUDAGRION Selys 

Four species of this genus have hitherto been reported from 
the Islands. One of these we have not seen. Three additional 
species, apparently new to science, have come to light. Mature 
males of the seven species may be separated by the following 
key. 

Key to the species of Psevdagrioru 
ADULT MALES 

1, Wings not stalked to anal crossing pilidorsum* 

Wings stalked to anal crossing 2* 

2. Hind wing more than 26 mm long 8. 

Hind wing less than 25 mm long 4. 

8. Sides of thorax and of abdominal segments 9 and 10 reddish.... crooops. 

Sides of thorax and of abdominal segments 9 and 10 blue azureum, 

4. Abdominal segment 10 all black above miorocephalum. 

Abdominal segment 10 partly blue above 6. 

6. Three narrow, closely parallel stripes on front of synthorax..., fiavifrons, 
A single broad black stripe on front of synthorax. evanidum. 

F8BUDAGB10N PILIDORSUM Br«ii«r. Piute 16, S«f. 221 and 222. 

Braukr, Verb, sool.-bot. Ges. Wien 18 (1868) 668 (in Ayrton), Ma- 
nfla, Mindanao; Sl^LYS, Bull. Acad. Belg. (2) 42 (1876) 514; An. 
Soc. Esp. Hist. Nat. 11 (1881) 28; ibid. 20 (1891) 218, Sibul; 
Ri 8, Nova Guinea 13 (1916) 99, fig., male, appendage, Negros; 
Suppl. Ent. i) (1916) 43 (descriptive notes), Formosa. 


Loc. cit. pi. 18, figs. 4, 4a, and 46. 
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This handsome reddish-brown species is easily recognized by 
the hairiness of its back — a feature indicated in its appropriate 
specific name. Face, femora, and basal abdominal segments 
rich reddish fulvous, brighter and more extensive in male. 
Narrowly lined with black are middorsal carina, crest, alar 
carinse, and margins of postocular areas on head. 

Luzon, Laguna Province, Calamba; Los Banos; Mount Ma- 
quiling; Bay, Bangyas; Calauan; Pila: Nueva Vizcaya Province; 
Bayombong: Cavite Province, Indang; Alfonso; Pangasinan 
Province, Sison: Tayabas Province, Lucban: Rizal Province 
Makabud ; Novaliches ; La Union Province, Naguilian : Batangas 
Province, Tanawan, Talisay: Bulacan Province, Malolos: Isa- 
bela Province, Naguilian. Mindanao, Cotabato Province, Kida- 
pawan : Zamboanga Province, Kabasalan. Samar. Many speci- 
mens from most collectors. 

The nymph of Paeudagrion has been described and figured 
a number of times; first by the senior author in 1911,^® then 
by Laidlaw in 1916,^'' by Fraser in 1919,** and last by Barnard 
in 1987.** Among the known nymphs of ccenagrionines, all of 
which run to a generally similar form of body, it will be readily 
recognized by its gills. The gills are long and parallel-sided, 
divided across the middle into inner and outer halves by a slightly 
oblique groove. The inner half is coarsely spinulose-serrate 
along both margins and along the carinate midrib; the outer 
half is very finely (microscopically) serrate along the edges and 
a little widened toward the broadly obtuse tip. 

The Philippine nymphs before us come from Los Banos, La- 
guna Province, and they probably belong to the commonest and 
largest species there, P. pilidorsum; for they are large (16 mn 2 
-f gills, 6 mm) and they show in the venation of the developing 
wings six crosslines between the subnodal and the base of vein 
Ma in the forewing and five in the hind wing; thirteen and 
eleven postnodal crossveins in the forewing and hind wing, re- 
spectively. 

These nymphs have but three raptorial setse on the lateral 
lobe of the labium, a character that seems to vary, since others 
referred to this genus have four and five. All have a single 
mental seta on each side. The gills of this species show den- 

« Entom. News 22 (1911) 344, pi. 11, figs. o-8. 

"Mem. Ind. Mus. 5 (1915) 179. 

“Rec. Ind. Mus. 16 (1919) 467, ph 86, fig. 2. 

"Ann. S. Afr. Mus. 32 (1937) 214, fig. 14, g. r. a. 
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dritic clusters of tracheal branches ranged along the wide trans- 
parent marginal areas of the gill lamellee. 

FSEUDAGRION AZUREOM ip- hot. 

Abdomen, 39 mm; hind wing, 27. 

A handsome blue species, lightly lined on thorax and legs 
with black, and with dorsum of abdomen mostly black. Face 
blue up to ocelli, with faint markings of fuscous as follows: 
three triangular streaks on labrum, one median and two on 
lateral margins; some faint fuscous dots on anteclypeus; ma- 
xillse and mandibles black except on outer side. A wide band 
of black extends across the vertex from eye to eye, with a pair 
of roundish pale spots in it behind lateral ocelli. Occiput blue 
before and behind. A pair of large quadrate black spots on 
pale rear of head behind eyes, narrowly connected with black 
line around upper edge of occipital foramen. 

Prothorax blue above, with a narrow continuous blackish 
marginal line that is straight across the rear border of its 
middle lobe and sinuous at sides; also a more faint middorsal 
"i-mark farther forward, Synthorax intense blue in front, Ca- 
rina narrowly bordered with black, as are also the mesothoracic 
laminae; from upper angles of latter a pair of rows of dots of 
faint brownish hue extending upward parallel to carina, grow- 
ing fainter upward; a single pair of larger isolated dots occu- 
pies the prominences of the mesepimeron. Sides blue, with a 
hair line of fuscous on the humeral suture, expanded into a 
squarish conspicuous blotch of black on its anterior side near 
its upper end. A streak of black on upper end of a last suture. 

Legs blue, black lines toward knees on outer margins of both 
femora and tibise; tips of all tarsal segments black; spines all 
black except those of foretarsal comb. Wings hyaline with 
black veins and stigma. Postnodal crossveins 14 and 12 in fore- 
and hind wing, respectively. Vein Ms arising at postnodal seven 
in forewing and at postnodal six in hind wing. 

Abdomen blue, black on dorsum of segments 3 to 7 except 
for basal narrow pale rings, and with markings on end segments 
as follows: segment 1 blue except for a blackish basal dorsal 
twin spot; segment 2 blue with a broad parallel-sided dorsal 
black band that is narrowly invaded by the blue of the sides 
toward the apex of the segment and incloses a large middorsal 
oval spot of blue farther forward; segments 8 and 9 blue ex- 
cept for very narrow black crosslines on their joinings ; 10 sim- 
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ilar, but with these lines widened on dorsum into crossbands 
that cover most of the dorsum. 

Abdominal appendages black above, externally and on ter- 
minal teeth; superiors about as long as segment 10, inferiors 
shorter. Viewed from above the superiors are straight, slight- 
ly narrowed to a blunt apex, at the inner side of which is a 
minute tooth; beneath this tooth the end is dilated below in a 
flat squarish indexed plate, and between the two on the end 
is a little notch that appears more prominently in side view. 
In lateral view these appendages parallel-sided and blunt; in- 
feriors a little shorter and subpyramidal, with a minute internal 
tooth just before apex. 

Type, a single male specimen “Manila 7 VI 1930 McGregor.” 

PSBVDAGRION CROCOPB S«lr*. Plato It, Of*. I» and tat. 

S^LYS, Bull. Acad. Belg. (2) 42 (1876) 612; An. Soc. Esp. Hist. Nat. 
11 (1881) 27, “Philippines;” Kabsch, Entom. Nachr. 22 (1896) 
327; Ris, Nova Guinea 13 (1916) 97, fig., male appendage. 

Thi.s species we have not seen. It is a large species (hind 
wing, 28 mm) with the front of the synthorax black, the sides 
red, the abdomen black with orange markings on‘ segments 9 
and 10. We copy (Plate 16, figs. 223 and 224) Ris’s figures of 
the male appendages. 

P8BODAORION HICROCEPHALUM Rambar. Plato It, flea. tt7 and Ut. 

Rambur, Ins. Neuropt. (1842) 269 (in Agrion ) ; SfiLYS, Bull. Acad. 
Belg. (2) 42 (1876) 604; An. Soc. Esp. Hist. Nat. 11 (1882) 27, 
Luzon; Laidlaw, Mem. Ind. Mus. 5 (1916) 179; Rec. Ind. Mus. 12 
(1916) 23, fig.; Ris, Suppl. Ent. 5 (1916) 40, 43, 8 figs, of male 
appendages; Fraser, Rec. Ind. Mus. 16 (1919) 367, nymph; ibid. 
24 (1924) 497. 

Abdomen, 29 to 30 mm; hind wing, 19. 

This widely distributed oriental species is pale blue with three 
conspicuous black stripes on the thorax, one middorsal and two 
on the humeral sutures. Top of head blue with a very irregular 
black cross stripe through the rear ocelli from eye to eye, and 
three dots (sometimes connected) in a triangle around front 
ocellus. A spectacled pattern of black surrounding two blue 
spots on dorsum of prothorax. 

Abdomen mostly blue on three segments at each end ; segments 
7 and 8 blue, except for a very narrow apical ring of black; 
segment 10 black above for its entire length. Superior append- 
ages (Plate 16, figs. 227 and 228) black. Inferiors pale. 
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PBXUDAGKIOK FLAVIFBONB «D. nor. n>te U, tg*. Ill to 114. 

Male, length, 40 mm; abdomen, 82; hind wing, 19. 

Female, length, 41 mm ; abdomen, 33 ; hind wing, 20. 

A yellow-faced species, with a 5-8triped synthorax and blue- 
tipped abdomen. Face yellowish, tawny in male, pale yellow 
in female. Antennae black, front of two basal segments yellow. 
Froiis all yellow except for a median black dot. Yellow sur- 
rounding black-rimmed median ocellus and ending in bottom of 
a U-shaped black mark between and behind lateral ocelli. A 
black spot either side of median ocellus; an angulate black 
streak either side of and in line with paired ocelli; this streak 
dilated at ends, from each inner end a branch extending obliquely 
backward to occiput. Behind these streaks postocular areas 
(not spots) of dull bronzy green extending from eye to eye, 
narrowly margined behind with black. In the more brightly 
colored specimens these black-rimmed areas give the top of the 
head a spectacled appearance. 

Prothorax yellowish on dorsum, with a black line across rear 
of middle lobe and two areas extended forward on that lobe and 
conjoined to enclose a yellow quadrate area; hind lobe yellow, 
with a black edging on rear of lateral margin. Synthorax gray- 
ish green, striped. with black. Three stripes close together, a 
narrow median stripe covering carina, a wider stripe on each 
side, conjoined on crest at rear and at collar in front, then ex- 
tending laterally. A wider stripe covering humeral suture. 
This stripe even in its middle portion, sinuate and narrowed 
at both ends. Sides pale greenish olive, with a roundish black 
spot just above middle of obsolete midlateral suture (sometimes 
this spot with a tail extending upward), and a black streak in 
upper part of third lateral suture. Subalar carinffi mostly 
black-edged. 

Wings hyaline, with tawny stigma and brownish veins. Post- 
nodals ten ai>d eight in forewing and hind wing, respectively; 
front side of quadrangle one fourth and one half length of hind 
side in fore- and hind wings, respectively. 

Legs yellotv, with brown spines, femora with stripes of black 
covering outer sides. Claws yellow, with brown tips. 

Abdomen black above, marked with blue, paler below. Dor- 
sum of segment 1 with a quadrate black spot covering its basal 
half; dorsum of segment, 2 blue, with a small black middorsal 
basal triangle and a goblet-shaped black spot on its apical half. 
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Base of goblet resting on apical margin of segment, bowl extend- 
ing forward on a slender stem. On segments 3 to 6 black of 
dorsum interrupted at base of each segment and constricted with 
paler just before apex. On segment 7 the black ending jaggedly 
at two thirds length of segment in a ragged or trifid point. The 
remainder of segment 7 and all of segments 8, 9, and 10 blue 
except for carinse, spines, and joinings. Superior appendages of 
male (Plate 16, figs. 231 to 234) blackish, inferiors pale, with 
minute black end tooth on each. Large internal tooth on supe- 
riors inclining upward and just visible from side. Another min- 
ute tooth halfway from this large tooth to apex. 

The female differs in having the black coloration somewhat less 
extensive though following the same pattern. The large retrorse 
spines that spring from near the ends of the transverse black 
line on the prothorax are yellow, with blackish tips. On the 
abdomen the black of segment 2 is like that of segments 3 to 6, 
and the sides of segments 8 and 9 are blue, as is also the dorsum 
of segment 10. The appendages are black, with a yellow edging, 
or yellow with a black edging. 

Type, male, Manila, June 7, 1930. 

Allotype, female, from Campus, Los Bafios, November 12, 1933 
( J. Tabor, Jr .) . 

Luzon, Laguna Province, Los Bafios; Pila; Calamba; Bay 
Bangyas; Rizal Province, Novaliches; Pangasinan Province, 
Tayug: La Union Province, Naguilian; Ilocos Norte Province, 
Laoag : Nueva Vizcaya Province. Many males and some females, 
collected in January, February, April, May, June, November, 
and December. 

PSBUDAGRION BVANmVM ■». nor. PUte It, Sit. S» uit Mt; FUU It, «cs. Ml 
uid 2»3. 

Male, length, 36 mm ; abdomen, 29 ; hind wing, 18.5. 

A beautiful turquoise and black species. 

Head blue, including eyes, marked with black as follows : Three 
basal dots on anteclypeus joined by a hairline along frontal su- 
ture; antennsB black beyond segment 2; a fairly broad, much 
broken stripe between eyes across ocelli; a narrow line along 
occipital border joined to band along edge of eyes and at ocelli, 
so marking off two large rounded triangular postocular spots 
with a narrow bar of blue between them. 

Prothorax blue, with a black pattern on dorsum which includes 
two lateral spots and one central-bigeminate blue spot. Syn- 
thorax blue, with a broad black stripe on dorsum, a pair of some- 
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what narrower humeral stripes, a small round dot on middle of 
side, and a hairline stripe on third lateral suture. Femora black 
on outer side, blue on inner. Tibite and tarsi yellowish, fore 
tibise dark on inner side. Spines black, about as long as distance 
between them. Wings hyaline, stalked about as far as anal cross- 
ing. Postnodals ten or eleven in forewing, eight or nine in hind 
wing. Stigma dark brown, with a very narrow yellow border, 
a little more acutely angulated distally than proximally. Front 
margin of quadrangle a little over one-third length of that of the 
hind margin in forewing, a little over one-half in hind wing. 

Abdomen blue, with a broken middorsal stripe and apical rings 
of black. Segment 1 with a basal doarsal square spot. Segment 
2 with a hastate spot on apical half connected by a stalk with 
apical ring. Segments 3 to 5 with the stripe starting in a point 
near base, gradually broadening toward apex, then narrowed 
to join apical ring. Segments 6 and 7 broader and continuing 
to widen to end of segment. Segment 8 to 10 entirely blue, ex- 
cept for narrow basal and apical rings of black, broader on 
segment 10. Terminal black spines on segments 8 and 9. Seg- 
ment 10 broadly excavate on dorsum of terminal margin. Su- 
perior appendages about as long as segment 10, black, bifid at 
apex in lateral view, in dorsal view broad at tip, and showing 
a small inner tooth near tip. Inferior appendages less than 
half length of superiors and sharply angulately truncate. 

This species most closely resembles P. laidlawi Fraser but 
differs in the larger size and in the shape of the inferior anal 
appendages of the male. 

Luzon, La Union Province, Naguilian, 9 males, December, 
1980 (Luciana Marzan and A. Estocapio ) : Ilocos Norte Prov- 
ince, Laoag, S males, January, 1931 (Manual Asuncion) . 

COCNAGBION PBNDULUH ip. imt. Plato 17, flfs. IS*. >43. 24S, and >44; Plato >1. 
ttiia too and 101. 

Male, length, SO mm; abdomen, 26; hind wing, 16. 

Female, leng^, 82 mm; abdomen, 28; hind wing, 17. 

A dainty little black and violet-blue species, with black and 
yellow legs. Face yellow up to level of ocelli, with a black spot 
just before base of each antenna, a narrow transverse line be- 
tween but not reaching these spots, and mere touches of brown 
on median line at junctions of frons and clypeus and of clypeus 
and labrum, and at outer basal angles of labrum. Antennae 
black, except for yellow front of pedicel. A somewhat broader 
black M-shaped crossline behind middle ocellus, bounding in 
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front a yellow area that is S-lobed to rearward, a wide lobe out- 
side each lateral ocellus, and a narrow spur between lateral 
ocelli. Remainder of top of head black, except for a pair of 
cuneate postocular yellow spots and a narrow occipital line that 
does not quite join them. 

Prothorax with the intricate pattern of black on yellow shown 
in Plate 17, fig. 239, in female; in male bands of black a little 
wider. Synthorax pale violet-blue striped with black as fol- 
lows: In male a middorsal band a little wider than adjoining 
pale antehumeral areas, with narrow lines diver^ng from it 
on Carina at both ends; a hairline in humeral suture closely 
bordered by two incomplete irregular black lines, irregular 
black line in front widened above, irregular black line behind 
widened below; descending from subalar carina, another hair 
line terminating midway on side of thorax in an oval spot 
(having an appearance that suggested the specific name) ; 
below hind wing on third lateral suture a shorter streak. Venter 
and base of all legs yellow. Black lines in female narrower, mid- 
dorsal stripe broken into three closely parallel lines. Femora 
externally broadly black. Tibiae internally less black. Spines, 
tips of claws, and joinings of tarsal segments, black. Wings 
hyaline, with brown veins and paler stigma, the latter twice as 
long as wide but covering less than one cell. Postnodal cross- 
veins eight and seven in forewing and hind vdng, respectively. 

Male, abdomen bluish on sides and on segments 8 to 10, with 
a black middorsal band that is interrupted near apex on segment 
.1, continuous and broader basally and twice constricted on seg- 
ment 2, and of similar form on segments 8 to 7 ; that is, narrowly 
interrupted at base and a subapical constriction on each. Seg- 
ments 8 and 9 blue except for hairlines at joinings; segment 10 
blue, with a middorsal black line that is dilated at both ends in 
a somewhat H-shaped figure. Appendages pale except for in- 
cised tips. Abdomen of female similar, with less black on dor- 
sum of segment 2. Sides of segments 8 to 10 blue, with a broad 
black patch covering most of dorsum of segment 8 and half 
that of segment 9. 

This species is nearest C. barbatum Needham*® but notably 
smaller, with fewer postnodals, with yellowish hairs on face 
instead of brown, and with many minor points of difference in 
coloration. 


Zool. Sinica 11 (1930) 270, pi. 20, figs. 4, 4a. 
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Luzon, Laguna Province, Los Bafios, 2 males and 1 female, 
October 25, 1931 (F. Olivares). 

Genus ISCHNURA Cluirpentier 

The two widely ranging species that have been before us from 
the Islands are very similar in superficial appearance. Seg- 
ments 8 and 9 of the male abdomen are mainly blue (segment 

8 wholly blue) in both, but the black on the dorsum of segment 

9 is restricted to the ends of the segment in senegalensis and 
continuous from base to apex in elegans. The critical charac- 
ters are shown in Plate 16. A narrower cleft in the apical 
hump on segment 10 of senegalensis, and an intumed point on 
the inferior basointernal branch of the superior appendage. 

IBCBKURA SENEGALENSIS tUmbar. PUU 1«. S(*. »7 and atS. 

Rambur, Ins. Neuropt. (1842) 276 (in Agrion ) ; S£lys, Bull. Acad. 
Belg. (2) 41 (1876) 273; An. Soc. Esp. Hist. Nat. 11 (1882) 27, 
Luzon, Cebu, Mindanao; ibid. 20 (1891) 217, Sibul; Kis, Ann. S. 
Afr. Mus. 18 (1921) 383, figs.; FRAsnt, Faun. Brit. India 1 (1933) 
348, fig., full bibliography. 

A common and widely distributed blackish damselfly, with 
conspicuously shiny metallic-green patches covering postclypeus 
and segment 2 of abdomen in male. Two round blue postocular 
spots on black of top of head, labrum bright blue; aides of 
abdominal segments 1, 2, and 10, and all of segments 8 and 9 
except for narrow rings of variable extent at front and rear 
margins, also bright blue. Apical black ring on segment 9 very 
variable in extent, almost absent in some of our specimens and 
wide in others, covering nearly half of dorsum. Cleft apical 
dorsal margin of segment 10 scarcely elevated above general 
level in this species. 

The superior appendages of male (not well shown in current 
figures, probably because drawn in a retracted position) pal- 
mately broadened beyond base and forked at the end into a stout 
obtuse outer branch and a long, declined, sigmoid, acute inner 
branch, nearly as long if directed straight’ to rearward as in- 
ferior appendage. Tips of inner branches of the two appendages 
convergent. 

Numerous specimens from Chamartin, Aug. 12, and a few 
each for Sobradiel, July 2; Madride, Aug. 1; Alamine, July 13; 
and Manila, Nov. 9. 

ISCHNURA ELEGANS d«r Linden. Plate 1(. Bte. US and 2M. 

Van am Linden, Opusc. Sei. 4 (1823) 104 (in Agrion ) ; Schmidt, 
Thierwelt Mitteleur. 4 (1929) 16, many figs.; Fraser, Faun, Brit. 
India 1 (1938) 361, figs., full bibliography. 
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Luzon, Nueva Vizcaya Province, December 26, February 81 : 
Ilocos Sur Province, Candon, January 3 : Ilocos Norte Province, 
Laoag, December 25: Tarlac Province, Tarlac, December 22: 
Pampanga Province, Magalang, December 27, a few specimens : 
Laguna Province, Los Bafios and vicinity, many specimens. 

The njTnph of this species has been described by the senior 
author.®’ 

Genus PERICNEMIS S^lys 

This little-known genus includes the largest ccenagrionine 
daraselflies in our fauna. Three species have been described, 
two of them from incomplete males lacking the end segments of 
the abdomen, and a third from a single female specimen. One of 
the surprises of this study was the finding of five new species 
in the material sent us, two of them represented by good 
specimens of both sexes. This material permits a fuller char- 
acterization of the genus than has been possible hitherto. Of 
the generic characters stated by de Sdlys the two emphasized 
as most distinctive, the 6-sided stigma and the double row of 
cells following it in the apical costal space, now are seen to hold 
only for the type species, P. stictica S41ys. 

Large damselflies, allied to Amphicnemis and Teinobasia, with 
similar but more moderate relative length of the abdominal 
segments and with less basal convergence of veins Mg and Rs. 
Vein Mg arising before subnodus; vein Rs at it, or only a shade 
beyond. Vein Mi strongly angulated at stigma, with crossvein 
at bend forming a triradiate brace, around which the cells are 
larger than normal. Stigma rhomboidal, narrower in front 
than at rear. Arculus at second antenodal crossvein. Anal 
crossing, ac, near level of second antenodal crossvein. Qua- 
drangle rather broad, front side about two-fifths length of pos- 
terior side in forewings, three-fifths in hind wings. Between 
quadrangle and subnodal two crosslines between latter and base 
of Mg crosslines varying with species, from three to six. Su- 
perior appendages of male longer than segment 10, simple, 
arcuate, generally longer than inferiors, more or less convergent 
at tips. The subanal plate bearing a low lateral prominence 
supporting inferiors. Claws of tarsi lacking the usual inferior 
denticle (except in P. mcgregori). 

•DragonWes of China (1980) 288, pi. 18, fig. 17. 
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Key to the species of Pericnemie. 


ADULT MALES 

1, Stiipna with front side about half as long as rear 2. 

Stigma with front side about four-fifths as long as rear 3. 

2, Black and greenish incallida. 

Black and yellow banita. 

3, Lines of crossveins between subnodal and origin of Ma, four and three 

in forewing and hind wing, respectively 4. 


Lines of crossvcina six and five in forewing and hind wing..,, flavicomie. 
4. Dorsum of abdomen red; a yellow stripe across rear margin of occiput: 
labrum with a narrow black border along its basal hinge.... mcgregori. 

Dorsum of abdomen black; no yellow stripe across rear margin of oc- 
ciput; labrum wholly pale cantuga. 

We are tentatively listing below three species that are not 
included in the key: (1) Amphicnemis glauca Brauer, which we 
have not seen and which is known only from the female type 
specimen; it is placed here because of its apparent agreement 
in important characters with the female of P. flavicornis; (2) 
Amphicnemis lestoides Brauer, which we redescribe and illus- 
trate with a figure of the male genitalia, and another unnamed 
species from Los Banos, that is very close to lestoides but rep- 
resented in the collections before us only by two discolored 
female specimens in alcohol. 

Brauer’s Amphicnemis lestoides differs markedly from all the 
species of the preceding key in that Ms and Rs arise in contact 
at the subnodus, run very close together to the first intervening 
crossvein where they again fuse, to separate slowly and evenly 
thereafter (Plate 22, fig. 311). It also differs in having the 
nodus at one-third the wing length; it is a little farther out in 
the broader wings of the others. It also differs in having the 
inferior appendages slightly longer than the superiors. De 
S61ys set it apart from Amphicnemis proper as a new subgenus 
that he did not name. The proper allocation of these species 
must await more and better material than- has been available 
to us. 

PEBICNEHIS INCALLIDA ip. noT. Flat* 18, Up*. 284 and 256; Plate 22, flg. 308. 

Male, length, 59 to 65 mm; abdomen, 50 to 66; hind wing, 34 
to 36. 

A big smooth greenish-brown species with long blackish ab- 
domen. Head greenish black above, with a white ring around 
tip of basal antennal segment and a small white streak running 
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obliquely downward on frons from base of each antenna. Fla- 
gellum of antenna brown. Face black and white; postclypeus 
shiny black, bordered in front and behind with white; antecly- 
peus white, and also lower margin of frons. Labrum black, 
basally margined with yellowish-white in front, and invaded by 
a pair of oblique pale streaks from rear. Occiput narrowly 
margined with dull yellow on its straight midborder, and more 
broadly margined on bulge behind eyes. 

Prothorax obscure greenish above, paler beneath, front border 
narrowly blackish. The hinder lobe broadly expanded to rear- 
ward in a scooplike plate that overlies front of mesothorax and 
again expanded in a blunt laterally directed process on each 
posterolateral angle. Both expansions thin and platelike, not 
spinelike. Synthorax greenish or brownish with an overcast 
of green, dark on dorsum, gradually paling downward to yel- 
lowish sternum, without pattern. 

Legs yellowish, with brown spines. A brown external line 
on all femora, expanding at end to surround knees, three tarsal 
segments severally tipped with brown. Larger spines in the 
outer rows on the femora two, four, and six on forelegs, middle 
legs, and hind legs, respectively. 

Wings hyaline and strongly iridescent. Postnodal crossveins 
fifteen and thirteen in forewing and hind wings respectively. 
Crosslines between base of subnodal and base of M: six and five 
in forewing and hind wing, respectively. Stigma rhomboidal, 
about half as long in front as behind in both wings. 

Abdomen brownish above, darkening toward tip, becoming 
yellowish on sides, more broadly on segments 1 and 2 (greenish 
yellow) , and on segments 8, 9, and 10 (brownish yellow) . Ap- 
pendages brown, paler internally, equal in length, simple; bow^ 
superiors with a median inferior platelike dilation that extends 
across their concave under side like the cord of a bow. 

Luzon, Laguna Province, Los Bafios, 1 male (F. Juan), 2 
males, April 19 (F. Juan ) : Tayabas Province, Quezon Park, 1 
male. May 3 (F. Juan) . Samar, 1 male, smallest of the lot, June 
2 {McGregor). 

FEBICNEMI8 BONITA (p. bo*. PU«* 18. An. MO aaO SOI; Plat* tS. 0*. 800. 

Male, length, 61 mm ; abdomen, 58 ; hind wing, 31. 

Female, length, 65 mm ; abdomen, 45 ; hind wing, 32 to 35. 

A yellow and black species in the male, greenish olive and 
black in the female. Head of male velvety black above, black 
overlaid with a pair of large greenish triangles on broad slopes 
adjacent to eyes. In front of these triangles a pair of curved 
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yellow streaks lying with their pointed inner ends toward ocellar 
triangle. Outer face of the two basal segments of antennae yel- 
low: a black inverted U-shaped spot covering most of postcly- 
peus, with a faint black dash extending from its base around la- 
teral margin of that sclerite. Labrum rotund, bright yellow, 
with a blackish streak on its basal lateral margins. Occiput 
srellow-margined from eye to eye, yellow widened on straight 
middle portion, with three small divergent spurs of that color 
projecting forward into the black. 

Prothorax yellow, black across edge of front 1<^ and in a 
blotch on each side of middle lobe. The hind lobe slightly pro- 
duced backward in middle, but posterolateral angles long and 
blunt. Synthorax bright yellow, with a deep black middorsal 
stripe on front that is completely divided by a yellow carina. 
This stripe narrow in its upper portion, forked at top where it 
runs out laterally along crest, greatly widened at front where 
it runs down laterally to mesepisternum. Touches of brown 
about wing roots. 

Legs yellow, with brown spines and touches of brown above 
and below knees. Large spines of outer row three, four, and 
five on fore, middle, and hind femora, respectively. Wings hy- 
aline; postnodal crossveins sixteen and fourteen in forewings 
and hind wings, respectively. Crosslines between subnodal line 
and base of M 2 six or seven and five or six in forewing and hind 
wing, respectively. Stigma rhomboidal, with front side a little 
more than half as long as hind in both wings. 

Abdomen blackish above, the black deepening to rearward 
and spreading down the paler sides until it almost covers seg- 
ments 7 to 10 ; yellow beneath. Appendages brown, paler with- 
in. Subanal plate with a nipple-shaped lateral prominence. 

Female much less brightly colored, synthorax greenish olive, 
darker but without pattern middorsally. Postclypeus wholly 
black; other head markings less distinct than in male. Wing 
membrane slightly tinged with brownish, the long ovipositor 
yellow. 

Luzon, Laguna Province, Mount Maquiling, 1 male and 1 
female, January 28, 1980 (A. C. Dwyag), 1 female, April 28, 
1980 (A. C. Duyag), 1 male. May 27, 1980 (A. C. Duyag). 

raaiCNBIflS MCOaieORI w. Fiat* M. flfi. >M aad 157 ; Ptot* 11, fl«. Ml. 

Male, length, 62 mm; abdomen, 44; hind wing, 26 to 26. 

A bronzy, yellow-legged species, with a blackish abdomen that 
widens at the tip with a trumpetlike flare and bears hook-shaped 
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superior appendages. Head bronzy black above, with black 
antennae that are white-ringed on the basal segment. Circular 
labrum green, with a narrow black basal hinge line, from which 
a short median streak of the same color projects forward. 
Ante- and postclypeus greenish, mottled with black. Occipital 
border yellow-margined only in the middle. 

Prothorax olive-green above, overlaid in the middle with 
yellowish. Hind lobe narrow, not at all produced at hind angles. 
Synthorax yellowish olive, more yellowish in region of humeral 
suture, without definite pattern. 

Legs yellow, including spines and claws, with no striping; 
knees only faintly darker. Claws beneath bearing a distinct 
denticle. Femoral spines of outer row three, four, and six on 
forelegs, middle legs, and hind legs, respectively. Wings hyaline 
with brown veins and golden bronze stigma bordered by a 
yellow line within the heavy veins. Stigma rather regularly 
quadrangular, front margin almost as long as rear. Postnodal 
crossveins thirteen and eleven in forewings and hind wings, 
respectively. Crosslines between nodal and base of M 2 four and 
three, fore and hind. Veins Ms and Rs wide apart at origin, 
latter at subnodus, but moderately approximated on first in- 
tervening crossvein. 

Abdomen brown above, this color overspreading apical seg- 
ments but leaving sides of segments 1 and 2 yellow. Segments 
diminishing in length from middle outward, length of segments 
7 to 10 approximately 10 : 4 : 3 : 2. The last three segments 
wider, with a trumpetlike flare to rearward. Sigmoid inferior 
appendages longer than segment 10, much shorter than hooked 
superiors. These appendages black, hooked superiors brownish 
at base and within. Subanal plates densely clad with golden 
hairs, each bearing at the outer side a low pyramidal tubercle. 

There are two male specimens of this unique species. 

Luzon, Laguna Province, Ube, 2 males, April 24, 1930 {Mc- 
Gregor and Celeatino). 

This species is tentatively placed here for want of a better 
location, although it differs from the others described above in 
the form of rear end of abdomen and appendages, in the wider 
separation of Ms and Rs at the origin, in the form of the stigma, 
and in having a distinct denticle under the tip of the tarsal claws. 

PERICNBMIS FLAVICORNIS ip. nor. Pbto IS, Bgl. SS2 to M4| Piste «. a«. SOS. 

Male, hind wing, 32 mm. 

Female, length, 45 mm; with abdominal segments 7 to 10 miss- 
ing; hind wing, 81. 
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A black and green species, with hyaline wings and yellowish- 
margined stigma. 

Head black above, middle of occipital border narrowly yellow, 
an isolated yellow spot before base of each antenna. The same 
color ringing apex of antennal segment 1 and covering front of 
segment 2. Face bluish green, with two broad black cross 
stripes, one across base of labrum, the other covering postclsrpeus. 
Front margin of labrum narrowly yellow and fringed with long 
stiff hairs of same color. Rear of head and under side of mouth 
parts bluish green. 

Prothorax brown across middle lobe, greenish at sides, with a 
narrow black line on anterior margin of front lobe, and a wide 
black band covering straight-edged hind lobe except at ends. 
Ends projecting laterally, then turning backward with the slant 
and curvature of the horns of the water buffalo, yellowish. A 
broad middorsal black band covering front of synthorax nar- 
rowly divided by a yellow line on carina, five yellow lines on 
edges of crest, both within and without. Sides obscurely clouded 
with bluish green, deeper green on subalar carina. Venter 
j'ellowish. 

Legs yellow. Femora with a streak of brown on dorsal side 
that expands into a spot at the knees. Spines brown. Orange 
claws toothless or with a scarcely discernible rudiment of the 
usual inferior tooth beneath tip. Wings hyaline-iridescent, with 
a brown stigma bordered by heavy fuscous veins that are nar- 
rowly margined within by a line of yellow, and also without 
on the inner and posterior sides. Postnodal crossveins fourteen 
or fifteen and thirteen or fourteen on forewing and hind wing, 
respectively. Arculus at second antenodal. Vein Mg arising a 
little before subnodus, Rs at or its own diameter beyond, the two 
veins converging and closely approximated at first intervening 
crossvein. Between subnodus and base of Ra seven lines of 
crossveins in forewing and five in hind wing. Quadrangle 
half as long on front border as on hind border in forewing, 
two-thirds as long in hind wing. Anal crossing, ac, almost at 
level of second antenodal, a trifle shorter than inner end of 
quadrangle. 

Abdomen black above from end to end, width and intensity 
of this color increasing to rearward until it almost completely 
overspreads segments 8 to 10. Side of segment 1 bluish green 
with a narrow black line on apical transverse carina; segment 2 
of same color in its basal half, beyond which it is yellow. Seg- 
ments 8 to 5 missing from this specimen : 6 broadly yellowish 
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beneath, 7 obscurely so; 8 and 9 narrowly so; segment 10 again 
more broadly so, especially at base and rearward to black nuir- 
ginal ring. Appendages of the form shown in Plate 18, figs. 
262 and 263, superior strongly bowed and obliquely placed, both 
pairs convergent at tips and both bright yellow with black tips. 

The female differs in having an extra pair of minute oblique 
hyphen-shaped yellow marks on the top of the head midway 
between the eyes and the ocelli, and a little less black pigment 
on the labrum and elsewhere. It agrees closely with Brauer’s 
description of his Amphicnemis gUiuca in structure and propor- 
tions of the apical segments of the abdomen, but differs in color, 
having no blue on the dorsum of these segments which are black 
above to the end. 

Luzon, Mountain Province, Baguio, 1 male and 1 female (Lt. 
Col. Robinson, V. S. A.) 

PEBICNEUIS CANTU6A «p. mt. PUto U. •««. S51 mi4 SU; PUU 12. •«. HT. 

Male, abdomen, 59 mm; hind wing, 80. 

A larger species than the preceding but similar to it except 
in minor details that I take to be specific. Unfortunately the 
body colors are lost in the single alcoholic specimen available, 
but the head pattern, venation, and the male appendages will 
serve for recognition. 

Head greenish black above, with a pair of small yellow streaks 
between antennse and lateral ocelli. Apex of basal antennal 
segment ringed with whitish. Pale hue of face extending up- 
ward to base of antennae. Postclypeus pale, traversed with 
two blackish crossbands, anterior crossband wider. Antecly- 
peus pale, marked with black on its four corners, from middle 
of its front margin a black dash extending forward a little way 
across greenish labrum. Straight middle portion of occipital 
border narrowly margined with yellow. 

Flat hind lobe of prothorax narrowly margined with yellow. 
Body colors lost in alcohol. Legs wholly yellow, including 
spines and claws. Wings hyaline. Postnodal crossveins four- 
teen and thirteen in forewing and hind wing, respectively; 
crosslines four and three between subnodal and base of Mj. 

Abdomen blackish, darkening apically, paler beneath. Yellow 
of underside of segment 10 extending in a large square area 
upward on sides of segment, but not reaching apical margin; 
outrolled edge of apical margin black, this color extending up- 
ward and across the elevated and basally emarginate middorsal 
border. Appendages yellow except for their incurved toothlike 
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tips, these tips minute on superiors but very much larger and 
offset by a groove on inferiors. 

The species seems to differ from P. mcgregori in much larger 
size, in having yellow streaks on the vertex and a yellow hind 
margin on the prothorax, and in the form of the tips of the 
appendages. 

Mindanao, Surigao Province, Mount Cantugas, 1 male, the 
type, in alcohol, March 17, 1981 (A. C. Duyag) . 

nmiCNEHIS GLAVCA Brand. 

Braver, Verb, zool.-bot. Gea. Wien 18 (1868) 542 (in Amphiienemi$) , 
female, Luzon; S8 lys, Bull. Acad. Belg. (2) 43 (1877) 121 (in 
Telebatis)-, Ann. Soc. Esp. Hist. Nat. 11 (1888 ) 28 (in TeleboM), 
Mindanao. 

This species we have not seen. It is known as yet from a 
single female specimen. Brauer's description of that speci- 
men indicates close agreement, except for minor details, with 
the female of our P. flavicomis. For that reason we are ten- 
tatively transferring the species to this genus. The front of 
the stigma is hardly shorter than the rear. There are eighteen 
postnodal crossveins. The synthorax is bluish in front, with a 
yellow Carina. The abdomen is blackish above, with segment 8 
partly and segments 9 and 10 wholly blue. In this coloration 
of the end segments glauca differs markedly from the female 
flavicomis, which has them wholly blackish above. The hind 
wing of glauca measures 29 mm. 

PBBICNEMIS LBSTOIDES Brand. Plat* IS. flea. IM and 2M; Plat* 22, Rf. 211. 

Braver, Verb. zool.-bot. Ges. Wien 18 (1868) 641 (in Amphime- 
mis), Mindanao; S£lys, Bull. Acad. Belg. (2) 43 (1877) 180 (in 
Amphiensmis) ; An. Soc. Eap. Hist. Nat. 11 (1882) 29 (in 

Amphicnemis) . 

Male, abdomen, 48 mm; hind wing, 29. 

A black-backed species, with long yellow abdominal append- 
ages. Head entirely black above. Vertical face of frons with 
an isolated yellow transverse stripe that is divided by black 
in the middle. Postclypeus black. Anteclypeus and mandibles 
pale, marked with diffuse spots of brown. Labrum shiny black, 
a broad front border of yellow, and a fringe of long yellow hairs. 

Prothorax shiny greenish black above, yellow beneath; an 
isolated stripe of yellow across frontal lobe, yellow of coxs, 
narrowly invading lower edge of black above them. Black hind 
lobe produced, elevated in a low obtusely triangular plate. 83 ^- 
thorax entirely shiny black in front, down to midlateral suture 
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and a little farther at ends; down on mesinfraepistemum below, 
back to hind wing roots above. 

Legs yellow, with a brown line on back of femora (expanded 
at knee to form a half ring) on inside of tibije with reddish 
brown spines and claws. Five long spines in outer row on 
middle and hind femora. Wings hyaline, with brown veins 
and pale-brown stigma, bordered with paler inside heavy 
marginal veins and obliquely placed, and about three-fifths to 
four-fifths as long in front as behind. Postnodals fourteen. 
Crosslines between subnodal and base of Ms seven and five in 
forewing and hind wing, respectively. Base of Ms slightly 
before (sometimes at) subnodus, where Rs also originates, the 
two running almost parallel and very close together to their 
union (and, sometimes their consolidation) upon first inter- 
vening crossvein. 

Abdomen black above, darkening toward tip, with segment 
10 above becoming shiny greenish black; yellowish beneath. 
Length of last four segments 10 : 4 : 3 : 2. Appendages and 
anal plates light yellow, nearly twice as long as segment 10, 
slightly tapered outward from their diverging bases, then ex- 
tended parallel to their tips, which end in single brownish con- 
verging denticles. Inferiors very slightly longer than superiors, 
both, as Brauer described them, long and finger-form. 

Mindanao, Surigao Province, Mainit, 2 males, April, 1931 
(A. C. Duyag). 

PERICNEMIS IP? 

At . least one additional smaller species, represented by im- 
perfect specimens, but having the excessive length of the abdo- 
men, the form of the wing, 'and the basal conformation of veins 
Ms and Rs of P. lestoides, is before us. 

Luzon, Laguna Province, Los Bafios, 2 females in alcohol, 
April 24, 1931 (F. Juan ) . 

AUPHICNEMIS FURCATA Braocr. 

Brauer, Verb. zool.-bot. Ges. Wien 18 (1868) 643 (no locality); 

SfiLYS, Bull. Acad. Belg. (2) 43 (1877) 127; An. Soc. Esp. Nat. 

Hist. 11 (1882) 29. 

Male, abdomen, 37 mm; hind wing, 21. 

This species we have not seen. The position of vein Ms at 
origin (just beyond the subnodus) and the excessive length of 
the abdomen as compared with that of the hind wing would 
seem to ally it to Teinobasie. The shape of its stigma (one 
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third shorter in front than behind) is like in Pericnemis, and 
the long S-shaped processes springing from the outer angles of 
the hind lobe of the prothorax are very peculiar. A definitive 
generic allocation must await new and adequate material for 
study. 

De Selys referred Brauer’s A. glauca to Temobasis. Possibly 
this was a mistake. He may have intended to so transfer A. 
furcata to that genus. 

Genus TEINOBASIS Kirby 

These are slender damselflies with extreme elongation of the 
middle abdominal segments, so that the abdomen is very much 
longer than the wings. The legs are rather short and weak, 
with rather few spines of very moderate length. The side 
pieces of the synthorax are very strongly aslant, making an 
angle with the perpendicular of at least 75°. 

Wings stalked beyond level of middle of quadrangle, the por- 
tion beyond unusually narrowed, resulting in basal convergence 
or consolidation of veins Ms and Rs. 

This convergence is at the first intervening crossvein in one 
group of species, these veins remaining well apart at their 
origin.®* The fusion is more or less complete from the middle 
fork out to or beyond that crossvein in the remaining species. 
The arculus is generally a little beyond the second antenodal 
crossvein, and the base of vein Ms is generally beyond the sub- 
nodus. Between the quadrangle and the line of crossveins de- 
scending from the subnodus there are two other crosslines of 
them. 

The tip of the male abdomen is peculiar in two respects. 
The middorsal apical margin of segment 10 is depressed in a 
shelflike semicircle from the floor of which may arise a pair 
of minute teeth. The appendages appear to be in three pairs, 
and this appearance has given rise to diverse interpretations of 
homologies. Both Brauer and de S61ys thought the inferior 
appendage to be deeply branched; also, latterly, Lieftinck.®* 

“The maximutn skewness of this angle as recorded by Needham and 
Anthony [Journ. N. Y. Ent. Soc. 11 (1908) 123] for Odonata in general 
was 72* in Aeiagrion. 

“ This type of vein behavior is further evolved in FarameeocnemiB [Lief- 
tinck. Nova Guinea 15 (1032) 21, dg. 9], veins Ma and Rs being confluent 
for a distance of nearly two cells beyond the subnodus while remaining 
well apart at their bases. 

“Nova Guinea 15 (1932) 582. 
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Both Ris and Campion thought the upper one was deeply 
branched. May not the lower one be the uniquely pointed, elon- 
gated, and chitinized apex of the subanal plate, extended beneath 
and supporting the slender inferior appendage? The unique 
feature in this genus seems to be that thus the subanal plate is 
pressed into service as a copulatory organ. A more careful 
study of homologies is needed for these parts. 

Of the seven species hitherto described from the Philippines 
five have been before us, and in addition, four others that appear 
to be new. The ten appear to be distinguishable by the charac- 
ters stated in the key below. However, the ultimate criteria of 
the species will be found in the form of the genitalia of the 
male, and these we have figured in so far as they are available 
in our material. 

Key to the epeeies of Teinobaeia, 

1. Veina M# and Rs widely separated at origin but converging at once upon 

first intervening very much shortened crosavein 2. 

These veins fused in a common point at origin and generally fused for 
a first cell length; first crossvein eliminated by the fusion 5. 

2. Dorsum of synthorax metallic black; a blunt tooth arising from mid- 

dorsal Carina derUifer, 

Dorsum of synthorax red or yellow,.. 8. 

8. Small species (hind wing, 20 mm) ; superior appendage with an internal 
toothlike prominence: head and abdominal segment 1 greenish above. 

filiformia. 

Larger species (hind wing, 23 to 26 mm) ; no g^een color 4. 

4. Postcl 3 q)eus and top of head black fUum. 

Postclypeus and top of head reddish filamentum, 

Postclypeus pale ; a crown-shaped black line between the AXitentm.. corolla. 

5. Anal crossing nearer second antenodal than first; basal fusion of veins 

Mt and Rs incomplete for first interval 6. 

Anal crossing nearer first antenodal than second: basal fusion of veins 
M« and Rs complete 7. 

6. Tip of male inferior appendage and appendagelike subanal plate diver- 

gent; superior appendage bilobed at apex nigra. 

Tips of these appressed: superior appendage entire at apex.,., atrigoaa. 

7. Abdominal segment 7 of male pale in its apical half recurva. 

Abdominal segment 7 blackish 8, 

8. Abdominal segments 8 and 9 of male bluish aamaritia. 

Abdominal segments 8 and 9 of male blackish oHvaeea, 

TEINOBA818 DBKTIFEX «p. nov. PUt« 19. ta. 278; PUU 21, fls. 29f. 

Female, length, 48 mm ; abdomen, 41 ; hind wing, 25. 

A bronzy black species with pale legs that bear a few strong 
spines. Head bronzy black above, vidth a low straight occipital 
border and a conic prominence arising between eye and occiput. 
Face yellowish, crossed by two broad black transverse bands, 
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one covering basal half of labrum, the other the postcl 3 a>euB. 
Yellow of edge of frons widened upward at edge of eye. 

Entire thorax metallic greenish black above, pale yellowish 
below. Middle lobe of prothoracic dorsum smooth, anterior lobe 
a low ridge, posterior lobe very peculiar, with broadly triangu- 
lar middle portion inclined to rearward and bilobed at tip, and 
its lateral extension erect and denticulate at tip. On middorsal 
Carina of synthorax at about one fourth its height arises a 
blunt tooth that is directed straight forward. Bronzy green 
of synthorax extending down the sides evenly almost to middle 
coxa at front and to hind wing roots at rear. 

Logs yellowish; femora indistinctly streaked with brown ex- 
ternally, middle and hind femora bearing each four stout spines 
in external row, tibiae dve, with a smaller additional at end. 

Wings hyaline with brown veins. Postnodal crossveins 14 
and 12 in forewings and hind wings, respectively. Arculus 
at second antenodal ; anal crossing at almost same level. Vein 
Ma arising at subnodus, Rs a little farther out. These two veins 
converging abruptly to a short crossvein and then slowly diverg- 
ing, with six and four (forewing and hind wing) lines of cross- 
veins intervening before origin of Ma. Stigma about as wide as 
long in front, a little longer on hind margin, especially in fore- 
wing. 

Abdomen brown above, paler beneath. Dorsum of segment 1 
almost covered by a black crescent that is broadly concave to 
rear; segment 2 blackish with greenish reflections; segments 3 
to 7 brown, dorsum darkening, sides becoming more yellowish 
to rearward; segments 8 and 9 mainly yellow at sides, the fus- 
cous forming merely a broad dorsal stripe, with an isolated 
fuscous streak at base of ovipositor; segment 10 black, except 
for a narrow pale apical margin. Supra-anal plate black. Ap- 
pendages pale brown, ovoid, pointed, about as long as segment 
10, a little surpassing pale subanal plates. 

There is a single adult female from Davao Province, Minda- 
nao. It is in a broken condition but shows the characters that 
will serve for specific recognition. Its type of coloration is not 
that of any of the known females from Mindanao. 

TBINOBASIS riLOM Bramr. Plata 1». flaa. 275 and 2T«. 

Braubr, Verh. aool.-bot. Ges. Wien 18 (1868) 646, male, Mindanao 
(in AmpMenemia ) ; S^YS, Bull. Acad. Belg. (2) 43 (1877) 124 (in 
TeU>haait)\ An. Soc. Esp. Hist. Nat. 11 (1882) 643 (April 6 to 
September 8). 

Male, abdomen, 88 mm; hind wing, 28. 
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We have a single male specimen, bearing no locality label but 
dated February 11, 1930, and collected by F. Rivera. Was it 
from Mindanao? Abdominal segments 8 to 10 are reddish and 
not blackish as described by Brauer ; but that and a less exten- 
sive darkening of the face is probably due to immaturity. The 
appendages are shown in Plate 19, figs. 275 and 276. 

TEINOBASIS NIQRA LkIdUw. PUt« 19, flt*. 17S. tU. >nd 1ST; Plate », ««. St*. 

Laislaw, Proc. Zodl. Soc. Lond. (1928) 136-188, male. 

Abdomen, 86 mm; hind wing, 21,5. 

This species, which has been known hitherto from a single 
male specimen, is very abundant in Luzon. We have many 
specimens of both sexes, mostly collected about Los Banos, La- 
guna Province, and Novaliches, Rizai province. It is a rathei 
small blackish species with yellowish legs streaked with black 
externally on the tibiae and across the apices of the tarsal seg- 
ments. The female has the top of the head mostly black like 
the male, but the body is paler, the thorax olivaceous, the abdo- 
men fuscous above, paler beneath, tending toward a rich red- 
dish brown on segments 8 to 10, including the ovipositor. The 
appendages of the male are shovim in Plate 19, figs. 278 and 
274. 

Many specimens, both male and female, from numerous local- 
ities in Luzon. 

TEINOBASIS FILAHENTUH 9 . bot. Ptete 19. ScB 977, 285. and 285 1 Plate 2^ Sc. 

Male, length, 50 mm; abdomen, 45; hind wing, 85. 

Female, length, 45 mm ; abdomen, 40 ; hind wingi 26. 

An exceedingly slender clear-winged species with blackish 
abdomen. 

Male . — Head all red except eyes and a minute point at .each 
end of labial hinge, paler beneath. Labrum fringed with stiff 
golden hairs. 

Thorax all red except for a black point at each wing root and 
another at junction with abdomen on each side. Legs red, in- 
cluding spines and claws. Wings hyaline, with brown veins 
and stigma. Arculus beyond second antenodal crossveiiu 
Postnodals fifteen and fourteen in forewing and hind wing, re- 
spectively. Vein Ms arising a little beyond nodus ; Rs a distance 
beyond that. These two veins converging strongly to first in- 
tervening crossvein, which is very short, hardly longer than 
the diameter of a vein. Beyond them and before the base of 
Ma intervening crossveins six in foreWing and five in hind wing. 
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Crossvein ac about twice its length before level of second ante> 
nodal. Wing stalked beyond middle of quadrangle. 

Abdomen with segments 7 to 10 excessively attenuated. Seg« 
ments 1 and 2 and base of segment 3 red. with only shaft of 
penis black. A blackish band covering dorsum of segment 3 
beyond base to segment 7, narrowed at base and widened toward 
apex of each segment. Venter pale yellowish. Segments 8 
to 10 blackish, 8 and 10 paler beneath. Segment 10 slightly 
notched in middle of black-edged posterior dorsal margin. Ap- 
pendages brown, superiors two-thirds as long as inferiors, su- 
periors ( ) -shaped as viewed from above, with broadened 
bases and blunt tips. The somewhat paler inferiors straight, 
with spindle-shaped and sharply pointed tips. Viewed from the 
side the superiors arch upward from the base and the inferiors 
downward. Beneath the latter the subanal plates carrying a 
stout process as long as superiors and twice as wide as inferiors, 
obliquely truncate on end to form a sharp downwardly directed 
tip. This process was misinterpreted by Brauer as a lower 
branch of the inferior appendages. 

Female . — Female similar to male but paler on head and thorax 
and the brown of dorsum of abdomen diffusely covering dorsum 
of basal segments. On the face a pair of little streaks of black 
on ends of labral hinge, another convergent pair descending 
from base of antenna. The femaie carries three conspicuous 
black points that the male seems entirely to lack, two on the 
outer angles of a thin plate that rises erect from the transverse 
Carina at the front of the mesothorax, and a third on the mid- 
ventral line between the bases of the middle legs. Both front 
and rear margins of the prothoracic dorsum rise in thin erect 
ridges, the anterior broadly rounded, the posterior truncate. 

This species is nearly allied to T. filum Brauer, from which 
it differs in the larger size, in having face and top of head yel- 
low, and in the form of the male appendages. 

We have a single pair from Kolambugan, Mindanao, May. 

TBINOBASm COKOLLA ■». aw. Flsto 1», U*. >71. >73, ■Ii4 >M. 

Male, abdomen, 41 mm; hind wing, 24. 

A slender species with reddish head, yellow legs, darkening 
abdomen, and a blade crown spot on its head. Head otherwise 
yellow, including labrum and postclypeus. Antenna blackish 
with apical yellow rings on the two basal segments. Crown spot 
continuous across prominence of frons, invaded from rear by 
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three yellow spots. Black borders of middle triangular yellow 
spot conjoined in rear around middle ocellus. 

Thorax entirely reddish except for the two usual black points 
at the roots of forewing and hind wing, and at the junction 
with the abdomen on each side. Legs wholly reddish yellow, 
including spines and claws. Wings hyaline, with brown veins 
and black stigma. Postnodal crossveins thirteen and eleven or 
twelve in forewing and hind wing, respectively. Front side of 
quadrangle half as long as hind side in forewing, two-thirds as 
long in hind wing. Vein Ms arising just beyond subnodus, Rs 
much farther out, the two almost or quite conjoined on the first 
intervening crossvein. Stigma parallel-sided, or a trifle shorter 
in front than behind in the forewing only. Between the nodal 
line of crossveins and the base of M 2 there are in the forewing 
six and in the hind wing five crosslines. Anal crossing a little 
nearer to second antenodal than to first. 

Abdomen all reddish yellow on two basal segments (except 
for the shaft of the penis which shows by transparency and is 
black) and pale beneath to a lessening degree beyond, with wide- 
ening of pale color at extreme base and at apex on segments 3 
to 7. Segments 3 to 10 black above, the black on segment 9 
expanded downward from apex in a diffuse blotch covering most 
of sides of segment. Appendages black, and of the form shown 
in Plate 19, figs. 271 and 172. 

Female similar to male but paler. Crown stripe between 
bases of antennse broken in middle into two U-shaped marks 
that lie next to antennse, abdomen not black above beyond two 
basal segments but only a little darker than they are. 

This species is close to T. filum and T. filamentum, but differs 
in the crown spot, in the blotch of black on the sides of abdo- 
minal segments 9, and in the form of appendages. 

Two males, one with the tip of the abdomen missing, from 
Cavite. 

Luzon, Rizal Province, Makabud, 1 female, collector unknown. 

TE1NOBA8I8 STItIGOSA tp. nov. PlaU If. flsi. t%l Mid tSS, 

Male, length, 52 mm; abdomen, 43; hind wing, 27. 

Female, length, 48 mm ; abdomen, 89 ; hind wing, 26. 

A slender blackish species overcast with dull metallic green. 
Head in male wholly greenish black above and on face except 
for two pale cross stripes, one covering anteclypeus and the 
other on frontal suture. Margin of matt black labrum fringed 
with coarse hair. Surface of postclypeus shiny black. The 
two basal segments of antennse streaked with yellow. 
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Protborax greenish above and pale beneath, syntiiorax the 
same, with dark on dorsum farther overspreading sides, but 
with no definite color pattern. Legs pale, armed with brown 
spines and with touches of brown on knees, on rear of front 
femora, and on tarsal segments. Wings subhyaline, iridescent, 
with dark'brown veins and stigma, pale-margined within its 
heavy bordering veins. Postnodal crossveins fifteen and four- 
teen in forewing and hind wing, respectively. Quadrangle less 
than half as long on front as on rear border in forewing, three- 
fifths as long in hind wing. Anal crossing, ac, unusually near 
level of arculus. Basal fusion of veins Mg and Rs often in- 
complete, but variable. Always these veins seem to arise at a 
common point and become completely fused at the bend, eliminat- 
ing the crossvein there. 

Abdomen blackish above for its entire length, with rings of 
deeper color on apical circular carinse of all segments ; yellowish 
beneath, more broadly on segments 1 and 2, and in large isolated 
pale blotches on sides of segments 8 and 9. These diffuse pale 
areas not extending to end of these segments, where the sides 
are broadly black. Appendages (Plate 19, figs. 281 and 282) 
black; under side of subanal plate yellowish. Slender abdomen 
becoming widened on segment 7 to a clavate tip. 

Female similar to male in head coloring except that the black 
of the clypeus is diluted and the labrum is mostly reddish yellow, 
only a basal line on hinge with three streaks extending forward 
from it are black. Two of these streaks marginal, the other 
median. Thorax wholly pale reddish yellow, with only dorsal 
sutures brownish. Legs as in male. Abdomen colored much 
as in male but paler — much paler on terminal segments, their 
apical margins and ovipositor yellow. A longitudinal streak of 
brown on sides of segment 8 above base of ovipositor. 

A number of males and a few females from southern Luzon. 

TinroBASIS aaCUBVA Sllrt. PUM it. tsik tw ana sm. 

SfiLTS, Bull Acad. Belg. (2) 43 (1877) 114, Mindanao, male (in 
T9lehaai$)t An. Soc. Esp. Hist. Nat. 11 (1882) 28, Mindanao; ibid. 
20 (1891) 218, Sibul, Bnlacan; Bis, Denkschr. med-naturwiss. (3sa. 
Jana 18 (1908) 108. 

We have a single male specimen rather larger than the tsrpe 
(hind wing 26 instead of 23 to 24 mm) and much infuscat^ 
with age but still showing the distinctive characters cited by 
de Sflys in the original description: Abdominal segment 7 pale 
in apical half except for a black transverse apical carina; apices 



306 Th 0 Pkitivpii*» JourwA of Seionee tm 

of inferior appendage and subanal plate (his two brandies of 
the former) divergent. It eomes from Santiago, Agnsan, Min- 
danao, and was collected in April, 1981. 

Its genitalia most strongly resmnble those of T. etrigoga. 

nONOBSSIS SAHARITIS Hto. Plate ». Sat. »• ai«4 tW. 

Ris, Denies. nied.-naturwis8. Gee. Jena IS (1008) 108, male and female, 
Catbalogan, Samar, April 19 to 86, fig. of male appendage. 

Male, abdomen, 39 mm(?) ; hind wing, 24. 

Female, abdomen, 40 mm; hind wing, 25.6. 

In the freshest of the specimens of this species abdominal 
segments 8 and 9 are distinctly paler than the others (probably 
blue in life). Old infuscated specimens are specifically identi- 
fiable by the caudal appendages of the males. They are shown 
in Plate 19, figs. 279 and 280. 

Many specimens from Luzon and 1 male from Kabasalan, 
Zamboanga Province, Mindanao. 

TEOIOBABIS OUVACBA lUa. Plate U. tea. Ut. 2T«, aa4 ast; PUta la, te- aM. 

Rib, Denkschr. med.-iiaturwi8B. Gob. Jena 13 (1908) 102, male and 
female, figa. of wing and male appendages, Naujan, Mindoro. 

Male, abdomen, 42 mm; hind wing, 26.6. 

Female, abdomen, 40 mm; hind wing, 27. 

This species and the preceding are very similar in general 
appearance (at least in old discolored specimens such as have 
been before us), and are readily separable only by the form of 
the terminal appendages of the male, which are distinctive. 
Both were figured by Ris in the work above cited. 

Many specimens from various localities in Luzon. 

SUMMARY 

In the foregoing pages and in Part 1, Anisoptera, there are 
recognized 168 species of Odonata distributed in 74 genera, 
including 25 new species and 8 new genera; also Nannophya 
pygmsea, that was mentioned in Part I merely as regional, but 
that has since been reported from Kolambugan, Lanao Province, 
Mindanao, May, 1982. The most unexpected find is that of 
6 new species of the little-known genus PeriCMmu, not hither- 
to reported from the Islands at all. 

Described and illustrated are the nymphs of 17 species that 
have not heretofore been made known. The most interesting 
and significant of these new nymphs are HeUromias in Anis<^ 
tera, and Shinaifrion and PrionoenemM in ZnFoptem* 
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ERRATA IN PAST 1 

Page 21, line 6 last letter, for n read m. 

57, last heading, for odiophya read idiophta. 

81, line 7, for in read on. 

97, Fig. 20, for female read nude. 

100, Text fig. 1 at bottom line 8, for eavi read eaj/i. 




ILLUSTKATIONS 


tPlAtM moA m nttmWed eontlnuonair through Fart 1* Philip. Joum. Set 

68 (1987) 21. and the present paper.} 

PXATBll 

FlQ* 181. i?/itnooFp/ta eolorata S^lya (supposition) » nymph. 

1B2, Rkinoeypka eolorata S^lys (supposition), enlargement of tip of 
nymphal labium. 

183. l^AinocypAa eolorata S^lys (supposition), nymphal labium. 

134, HAtnocpp/ia eolorata S^lys (supposition), lateral view of tip of ab- 
domen of nymph : L, base of lateral gill rudiment, IlT meaal gill 
rudiment. 

185. jRlimoeyp/ia eolorata S41ys (supposition), mandible (articulate 

tooth of inner face indicated by dotted line.) 

186. Euphsea refulgem S^lys, mandible of nymph. 

IZl.Euphma refulgens S^lys, enlarged tip of nymphal labium. 

138. Euphma refulgem S^lys, tip of lateral lobe of nymphal labium. 
IBd^Euphma refulgens S^lys, ventral view of half of abdomen, seg-^ 

menta 1 to 9, showing ventral gills. 

140, i^up/iisa refulgem Sdlys, nymph. 

Plats 12 

Fig. 141. Rhinceypha eolorata S^lys, male, anal appendages, dorsal view. 

142. Rhinooypha eolorata S41ys, male, anal appendages, lateral view. 

143. Rhinocypha eolorata S^lys, male, anal appendages, dorsal view of 

another specimen, showing slight variation. 

144. Rhinocypha eolorata S4]ys, male, lateral view of anal appendages 

shown in fig. 143. 

145. Rhinocypha aemitincta S^lys, male, anal appendages, dorsal view. 

146. Rhinocypha aemitincta Selys, male, anal appendages, lateral view. 

141, Rhinocypha turoonii S^lys, male, anal appendages, dorsal view. 

14B, Rhinocypha turconii Selys, male, anal appendages, lateral view. 

149. Cyrano unicolor SSlya, male, anal appendages, dorsal view. 

160. Cj/runo unicolor S^lys, male, anal appendages, lateral view. 

IBh Euphma refulgens S^lys, male, three basal segments of abdomem 
lateral view. 

152, Euphma refulgens S41y8, male, anal appendages, dorsal view. 

153. Euphma refulgens S41ys, male, anal appendages, lateral view. 

164. Euphma amphicyuna Ris, male, anal appendages, dorsal view. 

105. Euphma amphicyana Ris, male, anal appendages, lateral view. 
155, Euphma eora Ris, male, anal appendages, dorsal view. 
151,EuphMa eora Ris, male, anal appendages, lateral view. 

168. CyclophMa eyanifrons Ris, male, three basal segments of abdomen* 
lateral view. (After Bit.) 
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Flats 18 

Fsa 159. NeurobatiB ItmomnmM S^lys, nymph, piothorax, head, and antemua 

160. Devadatia filipina ap. nov., winsa^ 

161. Neurohtm$ luzonerwia Sdlya, nymph, inner view of mandible. 

162. Nearoboete luzonensU Sblys, caudal ipllB of nymph, lateral view. 
lOZ, Rhinoeypka tureonii Sdlye, base of wing. C, Costa; Sc, subcosta; 

R, ra^us; M, media; Cu, cubitus; A, anal vein; ae, anal cross* 
ing; p, point at which wing stalk begins; ar, arculus; q, qua* 
drangle; sg, subquadrangle; Mf, middle fork; ma, medioanal link. 
Arabic numerals designate branches. 

164. Neurobasic Imonensia Sdlys, male, anal appendages, dorsal view. 

165. Neurobaaic luzonensia Sdlys, male, anal appendages, lateral view. 

166. Vesto^is melania S41ys, male, anal appendages, dorsal view. 

167. Veatalis melania Sdlys, male, anal appendages, lateral view. 

166. Devadatia fiRpina sp. nov., anal appendages, dorsal view. 

IZZ, Devadatta filipina sp. nov., anal appendages, lateral view. 

170, Neurobama Imonenaia SSlya, labium of nymph. 

Platb 14 

FlO. 171. Prionocnemia aerrata S41ys, color pattern, male. 

172. Prionocnemts aerrata Sdlys, color pattern, female. 

17Z. Prionocnemia aerrata Sdlys, female, top of prothorax, viewed from 
the front. 

174. Prionocnemia ignea Braucr, female, top of prothorax, viewed from 

the front. 

175. Prionocnemia rubripea sp. nov., male, anal appendages, lateral 

view. 

170, Prionocnemia rubripea sp. nov., male, anal appendages, dorsal 
view. 

177. Prionocnemia karmatopua Sdlys, female, top of prothorax viewdd 

from the front. 

178. PrioTwcnemia erythmra Brauer, male, anal appendages, lateral 

view. 

170. Prionocnemia erythrura Brauer, male, anal appendages, dorsal 
view. 

180. PrionocnentfS atropurpurea Brauer, female, top of prothorax 
viewed from the front. 

18%. Prionocnemia appendieulata Brauer, male, axml appendages, lat- 
eral view. 

182. Prionocnemis appendieulata Brauer, male, anal appendages, dor* 
sal view. 

18Z* Prionocnemia rubripea sp. nov., female, top of prothorax, viewed 
from the front. 

184. Prionocnemia aerrata Sblys, male, anal appendages, lateral view. 

186. Prionocnemia aerrata Sblys, male, anal appendages, dorsal view. 

186. PHonoofismis aerrata Sdlys (supposition), nymph, tip of lateral 

lobe of labium. 

187. PrionomomU artopurpurea Brauer, male, anal appendages, lateral 

view. 

188. Prionocnemia atropurpurea Brauer, male, anal appendages, dorsal 

view. 
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189« Fftonocnemis fmmatoput S4iyB^ male, anal appendages, lateral 
view. 

190. IVionoime^nfs hmmatoput S4lye, male, anal appendages, dorsal 

view. 

191. Prionoenemif terraia S^lys (supposition), nymph, median caudal 

gill. 

192. PHonoenemiM uerrata S61ye (supposition), nymph, labium. 

103. PH<mocttetms serrata S^lys (supposition), nymph, lateral caudal 
gilK 

194. Prionocnemia aerrata S^lys, male wing. 

19^. Prionoenamia aerrata S41yB, female, tip of wing. 

196. Prionocnemia atropurpurea Brauer, male, tip of wing. 

Plate 16 

Fio. 197. Drepanoatieta lymetta Cowley, male, anal appendages, dorsal view. 

198. Drepanosticta lymetta (3owley, male, top of prothorax viewed from 

the front. 

199. Drepanoatieta aundana Kiiiger, nymph, labium. (After Lieftinck.) 

200. Drepanosticta lymetta Cowley, male, anal appendages, lateral view. 

201. Drepanostieia aeptima sp. nov., female, tip of abdomen, lateral 

view. 

202. Drepanoatieta lymetta Cowley, female, top of prothorax viewed 

from the front. 

20Z. Drepanoatieta aundana Krilger, nymph. (After Lieftinck.) 

2^ Drepanoatieta aeptima sp. nov., female, top of prothorax viewed 
from the front. 

205. Drepanosticta lymetta Cowley, female, tip of abdomen, lateral 
view. 

200. Rhinagrion philippinum S^lys, head. 

207. Rhinagrion philippinum S^lys, male, anal appendages, dorsal view- 

208. PAtTtaprtoti philippinum S41y8, female, tip of abdomen, lateral 

view, 

209. Rhinagriim philippinum S41ys, male, anal appendages, lateral 

view, 

210. Rhinagrion philippinum S^lys, nymph, mandible in position show^ 

ing below the serrated border under the eye. 

211. Rhinagrion philippinum S41ys, nymph, other mandible. 

212. Rhinagrion philippinum S^lys, nymph, tip of lateral lobe of labium. 
21Z. Rhinagrion philippinum S^lys, nymph, labium. 

21^. Leatea ooncinna S^lys, male, anal appendages, dorsal view. 

210. Rhiimgrion philippinum S41ys, nymph, maxilla. 

216. i^)ttnaprum philippinum S^lys, nymph. 

Zll.Leatea rectangularia Say, nymph (American), lateral lobe of la* 
bium. 

TlB.Lestea condmta S^lys, male, anal appendages, lateral view. 

Plate 16 

Pm. 219. Argiocnemia rubeola S41ys, male, anal appendages, dorsal view. 
220* Argioenemia rubeola S^lys, male, anal appendgaes, lateral view* 
221. Paeudagrion pUidormm Brauer, male, anal appendages, dorsal vieiw. 
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2X2. PteudagrioH pOidoretm Bnuer, male, anal appendagee, lateral 
view. 

22Z, P$eudagri(m croeop$ Silys, male> anti appendag6t« dorsal t1«w. 
(After Ris.) 

224. Peeudaprton crocopa S41yt, male, anal appendages, lateral view. 
(After Ris.) 

22B. Paeudagrian evanidum sp. nov., male, anal appendages, dorsal 
view, 

226. Paeudagrion evanidum ap. nov., male, anal appendages, lateral 

view. 

227. Paeudagrion microcephaXum Rambur, male, anal appendages, dor- 

sal view. 

228. Paeudagrion microcepkalum Rambnr, male, anal appendages, lat» 

oral view. 

22^.PaetLdagrion atwmm sp aov^, ssale^ anal appendages, doiml 
view. 

2Z6. Paeudagrion azureum sp. nov«, male, anal appendages, lateral 
view. 

281. Paeudagrion flavifrona sp. nov., male, type, anal appendages, dor- 
sal view. 

222. Paeudagrion flavifrona sp. nov., male, type, anal appendages, lat- 
eral view. 

2BB. Paetuiagrion flavifrona sp. nov., male, variant, anal appendages, 
dorsal view. 

2B4. Paeudagrion fiavifroTU sp. nov., male, variant, anal appendages, 
lateral view. 

235. lachnura elegana Lind., male, anal appendages, dorsal view. 

236. Jachnura elegana Lind., male, anal appendages, lateral view. 

287. lachnura aenegalenaia Rambur, male, anal appendages, dorsal 

view. 

23B.Iaehnura aenegalenaia Rambur, male, anal appendages, lateral 
view. 

PlATB 17 

Fio. 289. Ceanagrion pendulum sp. nov., color pattern, lateral view. 

240. Moroagrion danielli sp. nov., male, anal appendages, dorsal view. 

241. Moroagrion danielli sp. nov., male, anal appendages, lateral view. 
242* Coanagrion pendulum sp. nov., male, anal appendages, dorsal view. 

248. Ccanagrion pendulum sp. nov., male, anal appendages, lateral view. 

244. Caconeura Integra S61ys, male, anal appendages, dorsal view. 

246. Caconeura Integra S41ys, male, anal appendages, lateral view. 
246* ComapHon pendulum sp. nov,, head. 

247. Ceriagrion coromandelianum Fabr., male, anal appendages, donsd 

view, 

245. Cariagrion coromandelianum Fabr., male, anal appendages^ lat- 

eral view. 

249. Cmliecia dinoceraa Laidlaw, male, anal appendages, dorsal view. 

250. Cmliecia dinoceraa Laidlaw, male, anal appendages, lateral view. 
261. Cmliecia dinoceraa Laidlaw, male, top of prothorax viewed from 

the front. 
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Platb 18 

Fzo. 252. PeHon€7n{» eantuga sp. nov.» male, anal appendages, dorsal viefw. 

2BZ, Pericnemis caTituga sp. nov., male, anal appendages, lateral view. 

254. Pertcnctwis incallida^ sg. nov,, male, anal appendages, dorsal view, 

255. Pericnemia incallida sp. nov., male, anal appendages, lateral view. 

266. Pericnemia mogregori sp. nov., male, anal appendages, dorsal view. 
257. Pericnemia megvegori sp. nov., male, anal appendages, lateral view, 
268. Pericnemia leatoidea Brauer, male, anal appendages, dorsal view. 

259. Pericnemia leatoidea Brauer, male, anal appendages, lateral view. 

260. Pericnemia bonita sp. nov., male, anal appendages, dorsal view. 

261. Peric^iemia bonita sp. nov., male, anal appendages, lateral view. 

262. Pericnemia flavicomia sp. nov., male, anal appendages, dorsal view. 
26.^, Pericnemia flavicomia sp. nov., male, anal appendages, lateral view. 
264, Pericnemia flavicomia sp. nov., male, top of prothorax viewed from 

the front. 

Agriocnemia femina Brauer, male, anal appendages, dorsal view. 

266. Agriocnemta femina Brauer, male, anal appendages, lateral view. 

2^1. Agriocnemia velaria Selya, male, anal appendages, dorsal view. 
2GB. Agriocnemta velaria S^lys, male, anal appendages, lateral view. 

Plate 19 

Pig. 269. Teinobasia olivacea Ria, male, anal appendages, lateral view. 

270. Teinobaaia olivacea Ris, male, anal appendages, dorsal view. 

271. Teinobaaia corolla sp. nov., male, anal appendages, dorsal view. 

272. Teinobaaia corolla sp. nov., male, anal appendages, lateral view. 

273. Teinobaaia nigra Laidlaw, male, anal appendages, lateral view. 

274. Teinobaaia nigra Laidlaw, male, anal appendages, dorsal view. 

276. Teinobaaia filum Brauer, male, anal appendages, dorsal view. 

276. Teinobaaia filum Brauer, male, anal appendages, lateral view. 

277. Teinobaaia filamentum sp. nov., top of prothorax and synthorax, 

viewed from the side. 

278. Teinobaaia dentifer sp. nov., top of prothorax and synthorax, 

viewed from the side, 

279. Teinobaaia aatnaritia Ris, male, anal appendages, lateral view. 

280. Teinobaaia aamariiia Ris, male, anal appendages, dorsal view. 

281. Teinobaaia atrigoaa sp. nov., male, anal appendages, dorsal view. 

282. Teinobaaia atrigoaa sp. nov., male, anal appendages, lateral view. 

283. Teinobaaia recurva S^lys, male, anal appendages, lateral view. 

284. Teinobaaia recurva S^lys, male, anal appendages, dorsal view. 

285. Teinobaaia filamentum sp. nov., male, anal appendages, dorsal 

view. 

286. Teinobaaia filamentum sp. nov., male^ anal appendages, lateral 

view. 

287. Teinobaaia nigra Laidlaw, head. 

288. Teinobaaia corolla sp. nov., head. 

289. Teinobaaia olivacea Ris, head. 

Plate 20 

FlO. 290, Cyrano unieolor S^lys, forewing. 

291. Rkinagrion pkUippinum S^lys, forewing. 
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292. p80udagH0n ^vanidum sp« ii0V./foiiftw!nf. 

293. PBeudagrim evanidum ap. noT.» Mnd wing* 

294. Caeanewra intcffra Silyst forewing. 

296. Argiocn8mi$ rubeola S61ya» hind wing. 

296. Moroagrian danielli sp. nov., forewing. 

291^Moroagrion danielli sp. nov., hind wing. 

Plats 21 

PlO. 298. Teinobttsie filamentum sp. nov., hind wing. 

299. Teinobaais dentifer sp. nov., hind wing. 

800. Cmnagrion pendulum sp. nov., forewing. 

801. Cccnagrion pendulum sp. nov,, hind wing. 

802. Agriocnemis femina Brauer, hind wing. 

303. PericnemiB megregori sp. nov., hind wing. 

804. Pericnemia flavicomia sp. nov., hind wing. 

Plats 22 

Fig. 305. Perionemis ineallida sp. nov., hind wing, 

806. Pericnemia bonita sp. nov., hind wing. 

SOT. Pericnemis cantuga sp. nov., hind wing. 

808. Teinobaaie olivaeea Ris, nodal area of wing. 

809. Teinobaaia nigrra Laidlaw, nodal area of wing. 

810. Drepanosticta lymetta Cowley, nodal area of wing. 

811. Pertmetnis leatoidea Brauer, nodal ar^ of wing. 

TEXT FIOURBS 

Fig, 8. Venational characters of odonate wings. 1, Principal veins and 
their connections; 2, Cordulegaater aayi, wings; S, gomphine wing 
base, male; 4, libelluline wing base; 5, arculus and its sectors 
M^> ; Cyanoeharia valga, forewing; 7, Caliphma eonaimilia, 
part of wing base; 8, Telebaaia aalva, forewing; 9, Telebaaia aalva^ 
part of wing base; 10, Anomalagrion haatatum, stigma, female with 
brace vein w, 

ABBRKVUTIONS 

A, Anal vein; AC, anal crossing; Al, or al, anal loop; an, antenodal cross* 
veins; op pi, apical planate; ar, arculus; 6, basal subcostal crossvein; 
br, bridge; S$, midbasal space, space before the arculus; 6rf, basal 
radial space; C, costa; Cu, cubitus; g, gaff (fused portion of veins Cua 
and Al); h, hypertriangular space; M, media; m, membranule, border- 
ing the 8-cell<^ anal triangle of male hind v^ing; ma, medloanal link; 
mf, middle fork; mpl, median planate; mr, midrib (bisector of anal 
loop); n, nodus; o, oblique vein, p, patella; q, quadrangle; B, radius; 
rm, redial sector; rpl, radial planate; a, subtriangle; Sc, subeostm; 
act, sectors of the arculus; an, subnodus; aq, subquadrang^e; at, stigma; 
t, triangle; tr pi, trigonal planate; u, point at which petiolation (stalk) 
of wing base ceases; a, brace vein to stigma. 

Fio. 4. Variation of wing coloration in Eupkma refulgena S&ya. Cross^ 
hatching indicates metallic color; linear shading, nonmetallie oh* 
fuscation; and clear areas, hyaline. 
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Although blennies are common on all Philippine coasts, they 
are but little or not at all known by most Filipinos. They are 
abundant in tide pools and on rocky shores throughout, but as 
they are all small, and do not occur in schools, they are not taken 
by commercial fishermen. They are therefore seldom seen in 
the markets, and are not caught by people fishing for their own 
use. Some Philippine species remain in deeper water, living on 
the bottom around reefs in coastal waters, and one is pelagic. 
Certain very small species live commonly in the interstices of 
coral heads. 

The blennies of the world form a very large and natural group 
that is particularly well developed in the colder regions of the 
earth. There they attain a much larger size than in the Tropics. 
Some of those in cold temperate and arctic waters are big enough 
to be of considerable importance as food fishes, Blennies are 
mainly shore and shallow-water forms, but also include pelagic 
and deep-water species. The ventral fins consist of 1 spine and 
1 to 8 rays; they are always jugular when present, but may 
be reduced to mere threads, or may even be absent. The body 
is usually elongate, cylindrical, and naked, but scales may be 
present The teeth may be fixed in the jaws, or may be movable 
and merely set in the gums; canines are often present in the 
lower jaw, and some genera have them in both the upper and 
lower jaws. No molars occur in any Philippine genera. There 
**m SIS 
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may be one, two, or three dorsal ftns, occapyins most or all of 
the back from the nape to the caudal base; the dorsal may be 
composed entirely of spines, or of spines and rays, or spines may 
be lacking. The caudal is nearly always present, and may be 
distinct from the dorsal and anal, or may be confluent with 
them. The anal fin may have a moderate or large number of 
rays. 

There are 50 species of blennies in Philippine waters and 
in the adjacent Sea of Celebes. They are distributed among 4 
families and 18 genera. With one exception they are all rather 
small, and with two exceptions are all shore or reef dwellers. 
Our longest blenny is a pelagic species. All are found in salt 
water except one small species found only in Lake Bombon. 
Most blennies are carnivorous, but the commonest Philippine 
blennies are vegetarian, feeding on algae. As a rule blennies lay 
eggs, although some species are viviparous. 

The common blennies of Philippine seacoasts are among the 
most active and agile of all fishes. Their acrobatic feats on 
exposed rocks at low tide rival or even surpass those of Perio- 
phthalmm, the famed talimosak or mud skipper, and are equally 
surprising. Their popular names of rock skipper or rock 
springer are therefore exceedingly apt. 

We may divide the Philippine blennies among 4 families, the 
Clinidse, the Bleniidse proper, the Xiphasiidse, and the Congro* 
gadidse. 

Key to the familiet of Philippine blenniee. 

a ‘.Body covered with scales: spinous dorsal with hard sharp spines, much 

longer than soft dorsal CUNlDiB. 

a '. No hard sharp spines. 

b ‘. Spinous and soft-rayed parts of dorsal subequal, caudal free or more 
or less united with dorsal; dorsal, anal, and caudal confluent in 
one genus. Body naked, not eellike. - BtSNNIiSiB. 

b *. Dorsal very long, entirely composed of soft rays, or with only a few 
soft spines anteriorly; caudal, dorsal, and anal confluent. 
c‘. Body naked, eellike, dorsal origin over or before eye, all fin rays 
flexible; tail four to six times as long as head and trunk together. 

XlFHASnOJB. 

e*. No ventrals; body covered with very small scales; lips strongly 
developed; dorsal origin behind head; no dorsal spines; tail less 
than twice as long as head and trunk together.... C0N0S00Asn>jB. 

CLINIDJE 

Small tropical blennies, body nearly always covered with 
scales. Spinous portion of dorsal fin longer than rayed, soft 
portion, or all rays converted into spines ; in some species dorsal 
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ro.i 

with two spinous parts and a shorter>rayed portion ; anal with 
one or two spines; ventrals on throat, composed of a spine and 
three or four simple articulated rays. Gill membranes united, 
free from isthmus. Jaws with conical or villiform teeth, often 
teeth on vomer and palatines. 

The group is positively represented in Philippine waters by- 
two genera, and a third genus is doubtfully recorded. The spe- 
cies occur on coral reefs, especially in and around coral heads. 

Key to the Philippine genera of CUnidse. 

a ^ Three dorsal fins, the two anterior ones composed of soft spines ; anal 

spines also soft Tripterygion, 

a \ Two dorsal fins. 

b \ First dorsal composed of 3 spines ; second dorsal composed of 25 to 
30 spines and 3 to 8 rays, all spines hard and sharp; anal with 2 

hard sharp spines and 19 to 25 rays Crietieeps. 

h \ First dorsal composed of 2 long; threadlike spines ; second dorsal, 45 
to 60; anal with more than 60 rays ParacristicepB. 

Genus TRIPTERYGION Risso 

Tripterygion Risso, Hist, 3 (1826) 241. 

Enneapterygiua ROppkll, Neue Wirbelt. Fische (1836) 2. 
Tripterygium GDnther, Cat. Fishes 3 (1861) 276. 

Body not elongate, covered with small or medium-sized scales. 
Dorsal fins 3, first dorsal fin composed of 3, second of 10 to 24 
soft spines, third of 7 to 14 rays ; anal with 1 or 2 soft spines 
and 14 to 22 rays. Ventrals jugular, composed of 2 soft rays. 
Branchiostegals 6; paeudobranchise present. 

Small fishes of tropical reefs and tide pools, commonly living 
in the interstices of coral heads, and therefore difficult to observe 
or collect. Also abundant about New Zealand, in the Mediter- 
ranean, and in other warm temperate waters. Four species are 
recorded from Philippine waters. 

Key to the Philippine species of Tripterygion. 

o*. Scales 47 to 60; dorsals III, XIII, 9 or 10; anal I, 18 to 20. 

1. T. trigloides. 

o*. Seales 30 to 33; dorsals III, X or XI, 7 to 9; anal I, 14 to 16. 

6*. Pectoral with 7 or 8 undivided and 8 divided rays; dorsals III, X or 

XI, 9; anal I, 14 or IB 2. T. callionymi. 

b *. Pectoral with 6 undivided lower rays. 
c\ Dorsals III, XI, 9; anal I, 16 or 18; divided pectoral rays 9; caudal 

faintly barred, anal clear with black spots 3. T. phUippinwm, 

e\ Dorsals III, X or XI, 7 or 8; anal I, 14 or 15; divided pectoral rays 
7 or 8; caudal and anal black 4. T. punetuhtum. 
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1. THIPTEBYGION TSIGLOIDE8 Blwkw. 

Tripterygion trigloidee 6i£BKEK, Nat. Tijda. Ned. Ind. 15 (18SS) 2S4. 

Tripterygion trigloide» M. Webeb, Fisehe Sibotra Exped. (1913) 645, 
fig. 116; Herre, Fishes 1931 Philip. Exped. (1934) 96. 

Dorsals III, XIII or XIV, 9 or 10; anal I, 18 to 20. Head 
and nape naked, 'with 47 to 50 scales in a longitudinal series, 
plus 1 or 2 on caudal base, scales more or less irregular; tubu- 
lated scales in lateral line 18 to 22, stopping beneath hind end 
of the second dorsal or front of third dorsal. 

Depth 6, head 3.2 to 3.4, caudal 5, pectoral 3.8 to 3.9 times 
in length. Head very large, broad, shaped like that of Trigla, 
anterior profile convexly rounded with protruding lips and large 
mouth extending beneath middle of eye. Snout 2.75 to 2.86, 
eye 3.3 to 3.66 times in head. Upper 10 rays of pectoral divided, 
lower 6 undivided. 

Alcoholic specimens reddish brown to pale tan, with irregular 
spots and flecks of silvery white scattered over sides; over back 
and down sides 6 double crossbars, varying from dark red- 
brown to blackish ; top and sides of head thickly sprinkled with 
black dots, upper lip dark purple to blackish ; dorsals and caudal 
barred with dusky bands, or dorsals largely covered with dark 
red-brown specks; anal varying from clear, with a few red- 
brown spots or bands, to entirely dusky, difference probably 
being sexual. Iris golden red. 

I collected 6 examples, 22 to 28 ram long, at Dumaguete, 
Oriental Negros Province, and 2 very fine specimens, 34 and 
36 mm long, at Lembeh Strait, Celebes. Weber had 1 specimen, 
35 mm long, from Tiur, a small East Indian island, and Sleeker 
had 1 specimen, 38 mm long, from Billiton. In life this blenny 
is very handsome, largely rose-red, with iridescent spots and 
flecks of pearly blue. 

Z. TRIPTERTGION CALLIONYMI M. W(lwr. 

Tripterygion callionymi M. Weber, Notes Leiden Museum 81 (1909) 
147; Flache Siboga Exped. (1913) 646, figs. 116 and 117; Herrb, 
Fishes 1931 Philip. Exped. (1934) 96. 

Dorsals III, X or XI, 9; anal I, 14 or 16; pectoral with 8 
divided and 7 or 8 undivided rays. Scales 31 to 33, plus 1 or 2 
on caudal base; 3 scales above, and 6 below lateral line. Weber’s 
specimens had 12 spines in the second di'vision of the dorsal. 

Depth 6, head 4.6 times in length. The peculiar concave, 
sharp-pointed snout equals the large prominent eye, 8^ times 
in head. Scales extending forward to nape ; lateral line extend- 
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ing back on 12 to 14 scales to a point under middle of second 
dorsal; dropping down two scale rows, it is represented from 
there to the caudal base by a semicircular pit on the hind margin 
of 17 to 19 scales. Second dorsal highest, caudal truncate. 

Yellowish, thickly sprinkled with large and small black dots, 
between silvery spots and lines. Other specimens with 6 double 
crossbars, vaguely defined on back, upper half, and on caudal 
base, and a row of spots at anal base ; very poorly defined cross- 
bands on dorsal, a row of dots on anal. Some specimens have 
the markings much like those of Enneapterigivs fasdatum (M. 
Weber) but with the entirely different snout and physiognomy 
of E. caUionymi. 

I collected Philippine examples as follows, from 16 to 26 mm 
long: Culion 2; Dumaguete 6; Sitankai 1. Weber obtained 9 
specimens at various stations from Celebes to Lombok. 

3. TKIPTEBTGION FHU.IPP1NIJM Patera. 

Tripterygium, pkUippinum Peters, Monatsber. Akad. Wias. Berlin 
( 1868 ) 269 . 

Enneapterygiua philiiypinus Jordan and KiCHARDSON, Bull. Bur. Fish. 
27 ( 1908 ) 283 . 

Dorsals III, XI, 9; anal I, 16 or 16; scales 30 to 32 in a lateral 
series, plus 1 or 2 on caudal base ; 12 tubulated scales in lateral 
line, 18 with pores in hind margin along middle of side back to 
caudal base. 

Depth 5 to 6.76, head 3.7 to 3.8, caudal 6.76, pectoral 2.76 to 
3.26 times in length; eye 3 to 3.2, snout about 3.4, least depth 
of caudal peduncle 3 times in head. Lower 6 pectoral rays un- 
divided, upper 9 divided. Nasal tentacles very short; no orbital 
tentacles. Small snout, pointed as in other members of the 
genus. 

Rose-red in life, becoming clear brown or fading to pale yellow 
in alcohol, head more or less thickly sprinkled with dark or 
blackish specks. Below pectoral base a large silver spot, a pair 
of smaller silver spots before ventral base; dorsal more or less 
spotted with dusky, pectoral with 4 rows of black specks. At 
caudal base a silvery or red blotch; caudal fm faintly barred 
with dark spots. 

Peters's description was made from 2 specimens, each 26 mm 
long, from a coral reef near Paracale, Camarines Norte Province. 
Jordan and Richardson described 2 examples, 18 and 23 mm 
long, collected by R. C. McGregor at Calayan Island, one of the 
Babuyanes, north of Luzon. These are in the Stanford Univer- 
sity Museum, and have been examined by me. 
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4. TBirrBBTGIOM PUMCTULATUH (Bctm). 

EnneapterygiuB punetulatus Herbs, Fishes Crane Pacific Exped. F. 
Mas. Nat Hist ZoSlogy 21 (1936) 397, fig. 37. 

Three specimens of this rare little fish were taken from a 
tide pool at Nasugbu, Batangas Province, 16 to 21 mm long. 

Dorsals III, X or XI, 7 or 8 ; anal 1, 14 or 15 ; scales 32, plus 2 
on caudal base ; 13 to 15 tubulated scales in upper part of lateral 
line, 3 above and 6 below it ; along middle of side 16 to 18 scales 
with pores on hind margin. All dorsal and anal rays simple, 
except last one of each. 

Depth 6.25, head 3.7, pectoral 3.5 to 3.6, caudal 4.2 times 
in length. Eye 2.85, snout 2.9 to 3, depth of caudal peduncle 
3.5, height of second dorsal 1.9 times in head. Head broad, re- 
sembling that of a TrigUi, with large prominent eyes set very 
close together, and small, pointed snout. Orbital tentacle min- 
ute. First dorsal very low; large pectoral extending nearly to 
hind end of second dorsal; caudal rounded. Uppermost 7 or 8 
pectoral rays divided, lower 6 undivided. 

Alcoholic specimens whitish, heavily shaded with blwk dots 
that may form vague crossbands. Dots largest and most nu- 
merous on lower half and breast and under head, those on under- 
side often ocellated. Caudal and anal blackish or black; second 
dorsal with a dusky margin, a black bar sometimes present at 
base of second and third dorsals. 

Previously known only from specimens I obtained in the New 
Hebrides. 

^ Genus CRISTICEPS Cuvier snfi Valenciennes 

Cristieepe CuviEB and Valenciennes, Hist. Nat. Poiss. 11 (1839) 
194-402. 

Body of moderate length, covered with small or rudimentary 
scales. Snout short, mouth of medium size, lower jaw often 
prominent. Jaw teeth small, in bands; vomerine and palatine 
teeth present. Dorsals 2, first dorsal on head, composed of 3 
sharp spines; second dorsal long, composed of 25 to 30 sharp 
spines and 3 to 8 rays; anal with 2 hard sharp spines and 19 
to 26 rays; dorsal rays may be united with caudal; ventrals 
jugular, composed of 1 spine and 2 or 3 rays. Tentacles present 
on eye and nostril. Gill opening wide ; branchiostegals 6. The 
species are viviparous. 

But 1 species is known from the Philippines. Small fishes, 
species few, occurring on reefs in the East Indies, in rivers and 
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alontr the shores of Australia and Tasmania, and in the Mediter- 
ranean. 

CaiBTlCEPB XANTBOSOMA (Bbekcr). 

CUnus xanthotoma BI 4 EEKEB, Nat. Tijda. Ned. Ind. 13 (1867) 340. 

CriaticepH xanthosoma GUnther, Cat. Fishes 8 (1861) 273; HSRRE, 
Philip. Journ. Sci. 59 (1936) 371. 

First dorsal III, second dorsal XXVII, 4 ; anal II, 19 ; about 
BO tubules in lateral line ; scales very small, not deciduous, about 
110 above and 100 below lateral line. 

Depth 4, head 3.48, caudal and pectoral each 6.55, ventral 6.1 
times in length; eye 4.16, snout 5, maxillary 2.7, interorbital 
7 times in head. 

Body deep, laterally compressed, ventral profile strongly con- 
vex ; head moderately arched from dorsal origin to tip of project- 
ing lower jaw; eyes high up, lateral, with a fimbriate tentacle 
on margin of each, half or more than half eye in length ; a small 
simple nasal tentacle ; mouth strongly oblique, maxillary extend- 
ing beneath front margin of pupil ; small teeth forming a band 
of 6 rqjvs in front, dwindling to a single row posteriorly, alike 
in both jaws; minute teeth on vomer and palatines. Dorsal 
spines all hard and sharp-pointed, with only 4 divided rays at 
posterior end of dorsal fin ; anal spines likewise hard and sharp. 
Vertical fins low, first dorsal spine 2.5 in head; second dorsal 
uniform in height, 3.18 in head; first dorsal ray equal to first 
dorsal spine; anal rays of uniform height, 2.9 in head. 

Alcoholic specimens uniform yellow, all fins as well as body. 

This handsome blenny, previously unknown in the Philippines, 
is represented by a specimen 61 mm long, from a reef at Paraoir, 
La Union Province, Luzon. Hitherto known only from Java, 
from specimens described by Bleeker in 1857. 

My specimen is a female, containing very many eyed embryos. 

Genoa PARACRISTICEPS noran 

This genus is separated from Cristiceps by the differences in 
the dorsal and anal fins. First dorsal composed of 2 greatly 
elongated and threadlike spines ; number of dorsal and anal rays 
or spines greatly increased; second dorsal with more than 45 
rays, anal with more than 50. Dorsal and anal fins singularly 
shaped, their form strongly divergent from that of Cristiceps. 
Anterior dorsal rays very high, forming a triangle, followed by 
very short rays connecting it with a high posterior part. Anal 
of similar shape. Caudal free. 
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A single species, supposed to occur in the Philippines. 

Type: Paracristiceps 0ifer (Steindachner). 

PASACBISTICBPB FIUFBIt (StoladMhaar). 

Criatieepi fiUfer SmiKDACBNis, Archiv. ZooL S (1864) 109. 

Dorsal II, 49; anal 64; caudal 16; ventral I, 3. Scales in 
lateral line about 60, 12 in transverse series. 

Height equal to length of head, 8 times in total length; ten- 
tacles none. Snout rounded, cleft of mouth under eye. Jaws 
with a row of fine pointed teeth, vomer with velvety teeth. 
Ctenoid scales very deciduous. Over hind part of head 2 dorsal 
spines of extraordinary length, their height one-third of total 
length. Opposite these on the throat is the ventral, whose outer 
ray is similar, its length equal to half the total length. Second 
dorsal and anal beginning opposite each other, at commencement 
of second third of total length. First 15 dorsal rays forming a 
triangle, higher than body; after these, 16 short and hardly 
noticeable rays, which connect the high forward part with the 
hinder part of 19 rays only half as high. Anal similar in form ; 
high forward part containing 20, the mucdi shorter mid^e part 
12, hind part 22 rays. Dorsal and anal ending shortly before 
caudal. Lancet-shaped caudal fin longer than head; caudal 
peduncle very slender. 

Yellow, back showing numerous fine black dots. 

The Vienna Museum had 2 specimens, in very bad condition, 
without definite locality other than the Philippines. Doctor 
Steindachner also found a colored painting of this species in the 
Museum, made from a specimen at Bombay. 

That this fish occurs in the Philippines is very doubtful. 

BLENNIIDiE 

As treated here, this family includes all those elongate naked 
blennies which have the soft spinous and soft-rayed portions of 
the dorsal more or less subequal, or else have a dorsal composed 
of 60 or more flexible spines, without rays, and the tail never 4 
to 6 times as long as the head and trunk together. Teeth in a 
single, close-set, comblike series, fixed or movable. Ventrals 
jugular, with a spine and 2 to 4 rays. Pseudobranchise present. 

This family includes a large number of fishes living in shallow 
coastal waters of tropical and temperate regions, nearly all of 
them small. A few live at considerable depths, and rarely there 
are fresh-wfter species. The great majorily are egg-la]ring. 
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Most of them are carnivorous, but certain genera feed on alg». 
Some species are exceedingly active and go about on exposed 
rocks at low tide in search of food, moving around with the agility 
of lizards. 

Key to the genera of Blenniidm known from the Pkilippinee and 
the Sea of Celebes, 

a Spinous and soft rays of dorsal of nearly equal extent, their combined 
number always less than 50; tips of teeth never arrow-shaped; depth 
never more than 9 in length. 
h \ Teeth fixed in one row in each jaw. 
c \ Gill opening wide, extending forward below and free from isthmus ; 
a small posterior canine may be present on each side in both jaws, 

or in lower Jaw only 1. Blcnniue, 

c *. Gill opening restricted ; a pair of stout to very large posterior 
canines in lower jaw, and a pair of smaller ones in upper jaw. 
d \ Dorsal and anal never both confluent with caudal ; gill opening a 
small slit above upper angle of pectoral base ... 2. PetroeeirteB, 
d Dorsal and anal both attached to caudal and more or less con- 
fluent; gill opening extending downward along pectoral base. 

3. Enchelytirus, 

b K Teeth small, numerous, movable, set on gums. 
e \ A semicircular or oval adhesive disc behind mouth, under lower jaw. 

4. Andamia. 

c *. No adhesive disc behind mouth. 

d \ A fringe of small tentacles across nape 5. Cirripectee. 

d*. No fringe of tentacles across nape 6. Salariaa, 

a ^ Dorsal of 60 or more flexible spines, without rays; teeth fixed, in one 
row, those of lower jaw with arrowlike tips; depth 15 or more in 
length 7, Lembeiehthys, 


Genus BLENN1U8 Linnieus 

Body deep, oblong, compressed, naked; head large, anterior 
profile nearly vertical or very steep. Mouth with a single row 
of slender, curved, close-set fixed teeth in each jaw, with a stout 
canine on each side below, and usually a pair of smaller canines 
in upper jaw. Gill openings wide, extending forward below, 
free from isthmus or forming a broad fold across it. Dorsal 
fin entire, or somewhat emarginate, with slender flexible spines. 
Lateral line developed only anteriorly, 

A genus with numerous species in warm temperate seas, some 
occurring in the lakes of northern Italy. Only a few species 
occur in East Indian and adjacent seas. They are all small and 
dull-colored. Only one species is known to occur in Philippine 
waters. 
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BUtKNIDS TBYtANIUS Jndui and SmI*. 

Blennhia tkyBanixu Jordan und Sbaue, Bull. Bor. Fisheries 26 (1907) 
47, fig. 19. 

Dorsal 26 to 27 (XII or XIII. 12 to 15) ; anal 16 to 19 (I, 14 
to 17 or II, 16 to 17). 

Body very deep, compressed, head as deep or deeper than trunk, 
snout very steeply inclined to nearly vertical; dorsal and anal 
free from caudal. Depth 8 to 3.6, head 2.9 to 8.2 (by exception, 
3,6) , caudal 1.7 to 1.8, pectoral 4, ventral 6 times in length ; eye 
4.6 to 6, snout 2.6 to 8, least depth of caudal peduncle 8.6 to 
8.6, pectoral 1.4, ventral 2.15 to 2.25 times in head; narrow 
interorbital 3.6 times in eye, eye 1.5 to nearly 2 times in snout. 
Base of anal hn 1.9 to 2 times in length of dorsal base. There 
is a short, broad, fimbriate tentacle. 

Mouth nearly horizontal, maxillary extending beneath middle 
or posterior rim of eye, or in old males beyond eye ; lower jaw 
with a pair of canines, upper jaw with a posterior pair of smaller 
canines. The original description gave 2 canines on each side 
of the lower jaw, and examination of the type, an old male, 
showed 2 canines on one side only, evidently an abnormality. 
The dorsal is not notched, or by exception in old males may have 
a slight depression on the anterior portion or above the twelfth 
or thirteenth spine. In males the two anal spines have large 
bulbous tips, as in most species of Blenniue. 

Dark brown in life, with 6 to 8 darker crossbands sometimes 
present ; sides and under parts of head and pectoral base spotted 
with paler ; dorsal with a dark blotch or band on upper part of 
dorsal anteriorly and rows of spots all over ; anal yellowish, with 
a submarginal dark band, tip of rays white ; caudal and pectorals 
yellow, latter with a brown spot on lower third. 

Alcoholic specimens brown, sprinkled with small dark-brown 
spots and vertical lines; smallest specimens showing traces of 
8 dark crossbands on nape and trunk; dorsal pale brown with 
rows of darker spots which often disappear ; a blackish spot may 
be present between first and second dorsal spines or between 
third to sixth spines, or a dark-brown band along upper part 
of first half dozen spines ; other fins little changed. 

This little blenny occurs abundantly amid the sponges, hy- 
droids, and mollus^ covering the surface of harbor buoys left 
a long time in the water. The blennies crawl about under the 
luxuriant growth, where they have an abundance of food and 
complete protection. 
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Described from 6 specimens, 27 to 40 mm long, from Puerto 
Princess, Palawan; 21 specimens, 41 to 62 mm long, from Cat- 
balogan, Samar; and 26 specimens, 26 to 43 mm long, from 
Darman Passage, oflF Leyte. The Palawan specimens diverge 
rather widely from the type, and at first I called them new. A 
critical study of the type and the above series proved them all 
to belong to the same species. Jordan and Seale had 2 examples, 
68.6 and 73.6 mm, from Cavite. The type is in the United States 
National Museum, and the cotype in the Stanford Museum. 

Genua PETROSCIBTES Rttppell 
PetroBcirt0i RtjrPBU., Atlas Fische (1837) 110. 

Body naked, more or less elongate, with a small or medium- 
sized head which often has tentacles on the eye, and may also 
have them on the nape and nostrils; more rarely there are ten- 
tacles on the opercular and preopeixular margins, on the chin, 
and on the throat. Snout short, or of moderate length, convex 
or elongate and conical. Mouth often rather small, but may be 
rather large and extending to hind margin of eye. Teeth fixed, 
in one row, with a very large curved posterior canine on each 
aide of lower jaw; upper jaw with a pair of similar but much 
smaller canines. Gill opening reduced to a small slit or a nearly 
circular aperture above upper angle of pectoral base. Dorsal 
fin continuous and undivided, but 2 or 3 anterior rays may be 
elongated and filamentous so that they are semidetached. Dorsal 
usually ending on caudal peduncle, before caudal fin, but in a 
few species extending to base of caudal. Ventrals jugular, com- 
posed of 2 or 3 rays. Unlike most blennies, the fishes of this 
genus have an air bladder. 

This group contains numerous species in the tropical portions 
of the Indian and Pacific Oceans, where they replace the genus 
Blennim of temperate regions. The species of Petroscirtes are 
common on coral reefs throughout, but as a rule those in the 
Philippines live in deeper water than do the blennies of the 
genus Salarias. However, some species do not move off with 
the receding tide, but remain in shallow rocky pools or stay on 
exposed rocks until the incoming tide covers them again. 

Unlike Salarias, they are carnivorous, and certain species leap 
about on the rocks with great agility in pursuit of their prey. 
The name Petroscirtes, rock springer, was given by RQppell be- 
cause of the activities of a species he discovered in the Red Sea. 

When one examines preserved material it usually seems im- 
possible for the fish to ever open its mouth wide enough to use 
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its preposterously large lower canines. Many have speculated 
about the use of these huge teeth, which contrast so greatly 
with the rest of the teeth. Examination of living or fresh spec- 
imens, however, shows that the mouth has a surprising gape; 
as the lower jaw drops, the great canines come out of their 
hiding places and point forward ready for action. If one handles 
living specimens he very quickly discovers one use of their ca- 
nines as they sink them into his fingers. More than a century 
ago Rlippell saw *‘rock springers” skipping about over the rocks 
and impaling their prey with their great fangs. 

The 15 species described here are by no means all that are 
found in Philippine waters. No doubt nearly all that are known 
from the East Indies and Polynesia will ultimately be discovered 
in the Philippines. The rock springers are, as a group, shy and 
elusive fishes, swift of movement and able to hide in tiny rock 
crevices and inside coral heads. They are therefore not at all 
easy to collect, but 1 believe that a little attention paid to them 
would bring the number of Philippine species of Petroacirtes 
up to 20. 

Key to the Philippine epccies of Petroaeirten, 


a \ Marine species. 

b K Dorsal with 35 or more rays, and a median longritudinal band. 
e \ Anterior dorsal rays not elongated. 
d^Blue, with black band from snout tip to end of caudal; dorsal 
and anal black, with white edges; dorsal 38 or 89. 

1. F. tmnifUue. 


d *. Not blue. 

e\ Dorsal 44 or 45; brown band from eye to caudal, with blue or 
white stripe above and below; fins yellow, unmarked. 

2. P. rhinorhynekue, 

«*. Dorsal 42 or 43; brown, with darker band; dorsal with 7, anal 
with 6 brown vertical bars; caudal with cross rows of brown 

dots 3, P. amblyrhynehue, 

c*. Anterior dorsal rays elongated, most or all with elongated tips; 
dorsal 36 to 88; dark-brown band from tip of snout to caudal 
tip, with a blue or silvery stripe below dorsal base. 

4. P. fUjmentoeue, 

b *. Dorsal with not more than 32 rays. 

Dorsal with 25 to 27 rays; a pair of flaplike tentacles under chin, 
another on eyes; other tentacles along margins of operclea and 

preopereles; caudal becoming lunate with age 6. P. niitnUue- 

c •. Dorsal with 27 to 32 rays. 
d K No longitudinal bands or stripes. 

e\ No tentacles. 
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/ \ No crosobftnds or stripes on body. Olive to yellowish, with 
small brown spots and sprinkled with blue dots; fins yellow, 
dorsal and anal spotted and striped; dorsal 28; anal 19. 

6. P, hankamnaia, 

f ^ Diagonal or angular crossbands on body. 

^\Body with 11 angulated black crossbands, their angles 
pointing forward ; a large black ocellus between the nine- 
teenth and twenty-third dorsal rays 7. P. kaUoaoma, 

g ^ Eight milk-white diagonal stripes, inclined backward along 
side, with wider blackish-brown stripes between them; a 
large black or dark-brown spot behind eye, margined 
with white lines; brown bands with white margins on 
throat and chin; dorsal 31 to 33; anal 22 or 28. 

8. P, loxiaa, 

e \ Tentacles on eye, throat, nape, and top of opercle; color mottled 
brown, with whitish or blue spots and dots; fins yellow, 
barred with red-brown spots or bands; dorsal 27 to 30; anal 

17 to 19 9. P. eretea, 

d ^ Body with one to several longitudinal bands or stripes. 

e\A single broad black or blue-black band from eye to caudal. 

10. P. variahUia, 

e •. Body with two or more lengthwise bands. 

/‘.Two or 3 violet-brown bands; upper band from eye to top 
of caudal ba.se, composed of short vertical violet-brown bars 
inclined backward 11. P. grammietea. 

f Body with both dark and pearly white, bluish, or yellowish- 
white bands. 

g \ Short, broad tentacles on top of eye and behind upper rim, 
a pair of small tentacles on nape; a broad purplish- 
brown band from snout tip to caudal base; below this a 
pearly white band and below that a narrow dark-brown 
stripe from chin to caudal base ; head, throat, and breast 

dotted with black 12. P. polyod<m» 

g *. No tentacles on head. 

k A violet-brown band over eye to middle of caudal and 
on basal third; above and below this band a yellowish- 
white band; a very dark stripe along dorsal base and 

a brown band from chin to caudal 18. P. aoloranaie. 

k®. Bluish to pearl, with 8 broad dark red-brown longitu- 
dinal bands, second and third band pale brown, with 
very dark circular spots as large, or larger than inter- 
spaces, bands ending before hind end of dorsal; circuhti* 
dark spots on caudal peduncle and caudal base. Ground 
color forming bluish or pearly white stripes between 

dark bands 14. P. tamminekL 

a I Fresb^^water species from Lake Bombon. Body with about 9 more or 
less angulate darker vertical bars 16. P. ferox. 
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1. PITROBCIRTSS TANUTUS (Qmj Md Oataard). 

Aapidonttu tsmiatus Quoy and Gawaro, Voy. Astrolabe Zool. 3 (1884) 
719, pi. 19, fig. 4. 

PetroBcirteB tteniatuB GOnthcb, Cat. Fishes 3 (1861) ; Fische der Sttd- 
see 2 (1876) 19B, pi. 114, fig. A; HSRiuc, Philip. Joum. Sci. 69 
(1936) 872. 

Dorsal 38 or 39 ; anal I, 26 or 26. 

A specimen 93 mm long, from Calapan, Mindoro, has depth 
4.9, head 4.2, truncate caudal 6.6 times in length; snout 3.14, 
eye 6.6, interorbital 8.4 times in head. Another specimen, 47 
mm long, from Taruna, Sangi Island, one of the Sangir Group 
between Mindanao and Celebes, has depth 6.2, head 3.6, caudal 
6.6 times in length. Eye 4.3, snout 3.25, interorbital 4.3 times 
in head. Mouth inferior, not reaching eye; blunt projecting 
snout becoming convex with age. 

Blue, becoming more or less purplish brown in alcohol, with 
a black band from tip of snout to tip of caudal fin ; narrow over 
eye but twice as wide on last half of body, covering the entire 
caudal fin except a narrow margin of blue (which becomes white 
in alcohol) above and below. Dorsal and anal black, with a 
narrow white margin. 

I have also examined a specimen about 76 mm long at Duma- 
guete. Oriental Negros Province, and have seen this species at 
Sitankai, Bungau, Sibutu, and elsewhere in the Philippines. 

This fish swims with a peculiar undulating and twisting mo- 
tion that is very characteristic, swaying from side to side as 
it glides swiftly along. It is present on all coral reefs through- 
out the East Indies and Polynesia, but is very diflicult to collect. 
It reaches a length of 126 mm, and is the handsomest blenny in 
Indo-Pacific waters. 

This black-banded blue blenny has a very peculiar habit for 
which no explanation is yet offered. Very often it maintains 
its position beneath some much larger fish living on the reef. 
Like a shadow, the slender gleaming blue blenny twists and 
turns with every movement of the larger fish, always keeping 
the same relative position. 
a . raraoscmTBS rbikobhtncbds aiMksr. 

PetroBkirteB rhinorhynchttB Blbekiib, Nat. Tijds. Ned. Ind. 8 (1852) 
278. 

PetroseirteB rhinorhynehuB GOntbcr, Cat. flshee 3 (1861) 280; Haww , 
Fiahea 1981 Philippine Exp. (1934) lOO. 

Dorsal 44 to 46; anal SO to 82. 

Head 5.6 to 6.2, depth 6.2 to 8.2, caudal 5.6 to 6.2 times in 
length. Snout conical, projecting beyond mouth, which ascends 
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almost vertically ; lower canines very large, no canines in upper 
jaw. Eye 8.6 to 8.9, interorbital 8.2 times in head. 

A pale>blue line extending from top of snout above eye to 
caudal base at top of caudal peduncle; a similar line extending 
around tip of snout and over lower third of eye to pectoral, and 
on to lower end of caudal base. Between these two blue lines 
a broad brown or purplish-brown band, which extends well out 
on the caudal; a narrow brown band above upper blue line, 
another below lower blue line; fins all clear yellow. 

In alcoholic specimens the blue lines become white. 

A specimen I collected at Dumaguete, Oriental Negros Prov- 
ince, is 43 mm long, and 2 specimens obtained at Sitankai are 
60 and 69 mm long. In addition I secured a specimen at Waigiu, 
81 mm long, and 4 specimens, 83 to 39 mm long, at Madang, 
New Guinea. This species occurs from the East Indies to the 
New Hebrides. 

>. PETROSCntTSB AMBLTRBTKCHUS BlMker. 

PetroBeirtea amblyrhynchus BiaEKSlt, Act. Soc. Sc. Md. Neerl. 2 (1857) 
64. 

PetroBcirtea amblyrhynehua Webeb, Fische Siboga Exp. (1913) 640. 

Dorsal 42 to 43; anal 31. 

Two specimens, each 84 mm long, were obtained from the 
south coast of Cotabato Province. Depth 6.8 (8 with caudal), 
head 4.26 (6 with caudal), caudal 6.66 times in standard length. 
Eye 8.46, interorbital 2.76 times in head. Canines of lower 
jaw stout; my specimens have none in the upper jaw. Snout 
conical, projecting; mouth inferior, caudal forked. 

Alcoholic specimens brown, with traces of a median longitud- 
inal band, extending on basal portion of caudal. Fins clear, 
dorsal with 7, anal with 6 brown vertical bars, caudal with trans- 
verse rows of brown dots ; pectoral with a band of blackish dots 
on base. 

I also collected the following: One from Lembeh Strait, 30 
mm long, and 1 from Kema, North Celebes, 40 mm long; 1 of 
88 mm from Ternate, and one of 32 mm from Manokwari, New 
Guinea. 

This rare species was previously known only from 1 specimen 
from Amboyna, 1 from Salayer, and 7 from Banda, in the 
Moluccas. 

4. ntTBOSCntTBB ni.AMRNT0SU8 (Cnv. orf Val.). 

Blenneekia filamentoaua CUVIBS and VALSNcnoNNES, Hist. Nat. Poiss. 
11 (1836) 280, pi. 326. 

PttnvairteB filamentoaua GOmther, Cat. Fishes 3 (1861) 231; Fische 
der Sadsee 2 (1876) 196, pi. 114, fig. 5. 
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Dorsal 86 or 87 ; anal I, 25 to 27. 

Body slender, elongate, much compressed laterally; depth 6.4 
to 6.6, head 8.7, caudal 6.86 times in length. Snout conical, 
projecting well beyond mouth, its length 8.8 to 8.6, eye 4 times 
in head. Interorbital a little broader than an eye diameter. 
Mouth small, inferior, not extending back to a vertical from 
front margin of eye. Canines in lower jaw of moderate size, 
strongly hooked in a much flattened curve, so that they point 
backward ; canines in upper jaw very small. First four dorsal 
rays elongated, first and second much the longest, all tips of 
dorsal rays more or less elongated and threadlike. 

Alcoholic specimens violet-brown on upper half and posterior 
fourth of body, under parts very pale bluish pearl or silvery. 
A dark-brown band passes from tip of snout over eye and above 
pectoral base to caudal pit; on head it is about half as wide as 
eye, but broadens posteriorly so that it covers the caudal except 
for a narrow white margin above and below. A narrow blue or 
silvery stripe along back at dorsal base; this has disappeared 
on one side in my specimen. Dorsal dark violet-brown, with 
7 whitish spots along basal half; these were probably blue or 
pearl-colored in life; anal and ventrals uniform dark violet- 
brown. 

No Philippine specimens have been seen, but I collected an 
excellent specimen, 41 mm long, on the north coast of Celebes. 
Any fish occurring there may confidently be expected to occur 
in the Sulu Islands and on the coast of Mindanao. This easily 
recognized reef dweller occurs from the Moluccas to the Tuamotu 
Archipelago. 

S. VBTBOSCmTBB HITBATVB SimH. 

PetroaeirtM mUratua ROppcu., Atlas Fische (1828) 111, pi. 28, fig. 1; 
Klonzinobs, Fische Rothen Meeres pt. 2 (1871) 496; GOnthr, 
Fische der Sildsee 2 (1877) 198; Fowubr, Proc. Acad. Nat. Sei. 
Pbila. 89 (1927) 296. 

Patroaeirtea barhatua Pbtebs, Wiegmann's Archiv (1888) 248; Sao- 
vaoa Poiss. Madagascar (1891) 388, pL 88, hg. 6; Hussa, Fishes 
1981 Philip. Exped. (1934) 98. 

Dorsal 25 to 27 ; anal 16 to 18. 

Depth equal to or less than head, 8,66 to 4, head 3.4 to 8.66, 
caud^ 4.86 times in length; snout equal to eye, 8.1 to 8.2 times 
in head. First three dorsal spines more or less elongated, fourth 
shorter than others, which are of uniform height except the 
three posterior spines, which are much shorter. Under the chin 
a pair of broad, flaplike, brownish barbels; on top vt eye itself 
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a similar broad, flat, tentacle which may be slightly fringed; 
above front margin of eye a small, simple tentacle ; immediately 
behind eye a very small tentacle; much farther back and op- 
posite base of first dorsal spine a very small flap, another on 
upper margin of opercle; on lower and under margins of pre- 
opercle a row of very small flaps, the most anterior one largest. 
Any one of these opercular and preopercular flaps may be absent. 
Caudal broadly rounded in my specimens, but with age changing 
its shape and becoming lunate through growth of upper and 
lower marginal rays. Canines in lower jaw of moderate size, 
about 2.6 times in eye ; upper canines very small. 

Alcoholic specimens light brown, with 5 broad darker pur- 
plish-brown bands across body; in top of all except first band 
a very pale ocellated spot, traces of similar spots on sides ; dorsal 
and anal spotted thickly with dots and blotches of reddish brown ; 
caudal clear. 

Three specimens, 13 to 24 mm long, were collected at Puerto 
Galera, Mindoro. Fowler described 2 examples from the Philip- 
pines, without more definite locality, their length “68 and 60 
? mm.” Elsewhere this blenny is known from the Red Sea, 
Mozambique, and Madagascar, to the Caroline Islands and 
Samoa. It reaches a length of over 76 mm. According to Riip- 
pell it remains out of the water for long periods, chasing its 
prey of minute Crustacea over the rocks. 

«. PETKOSCIBTES BANKANENS18 BlMkcr. 

Petro8kirt€$ bankaneuBis Bleeker, Nat. Tijds. Ned. Ind. S (1852) 727. 

PetroBkirtea amboineriBia Bleeker, Nat, Tijds. Nod. Ind. 4 (1863) 

114 . 

Petroacirtea bankaneriais GDnther, Cat. Fisheti 3 (1861) 237; Weber, 
Fiache Siboga Expod, (1913) 540, 

A specimen 26 mm long was taken at Cabalian, Leyte. Dorsal 
28; anal 19. Depth 5, head 3.8, caudal 4.15 times in standard 
length. Eye 4 to 4.6 times in head, 1.33 times in interorbital 
space. This specimen has no canines in the upper jaw, and no 
tentacles. Lower jaw with a pair of strong canines. Larger 
specimens have small canines above, and a small tentacle behind 
the upper margin of the eye. Dorsal origin above hind edge 
of preoperde. 

Olive above, yellowish below, with small brown spots and 
sprinkled with blue dots, which fade in alcohol. Fins yellow, 
dorsal and anal spotted with dusky and variegated with reti- 
culated lines or stripes of dusky. Caudal unmarked. 
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Bleeker had a apedmen, 120 mm long, from Banka. He also 
obtained it from Singapore and Nias, and Doctor Weber secured 
it from several places in the East Indies. 

1 . PSTKOSCIBTSB KALUWOHA Blatter. Plate t. 

Petroakirtes kalloaoma Buobker, Nat. Tijds. Ned. Ind. 15 (1868) 227. 

Petrosdrtet kaUoaoma Wbbbr, Fiache Siboga Exp. (1913) 641. 

Dorsal 30 to 32; anal II, 18 to 21. 

Greatest depth at dorsal origin, which is over the gill opening. 
Depth 6, head 4.6, caudal 3.3 times in length. Eye 3.25, snout 
4.33 times in head. Upper and lower rays of caudal prolonged. 

Alcoholic specimens dark brown, with black spots on lower 
half of head, breast, and pectoral bases. On the body are 11 
angulated black crossbands, their angles pointing forward, with 
a black spot on each angle. Dorsal brownish, with pale or 
white longitudinal lines, and a large black spot above between 
nineteenth and twenty-third rays; anal reddish brown, becoming 
darker marginally, tips of rays white; caudal pale, tinged with 
dusky. 

Two specimens, each 30 mm long, were collected at Nasugbu, 
Batangas Province. 

This blenny is known elsewhere only from Billiton, Bima, and 
North Celebes, in the East Indies. 

a. PBTSOSCntTBB LOXIAS (Jonten and Sole). 

HypleurochUm loxias Jordan and Seale, Proc. U. S. Nat. Mus. 28 
(1905) 802, fig. 20. 

PetroBcirtes loxiaa Herre, Fishes 1931 Philip. Exped. (1934) 98. 

Dorsal 31 to 33 (XII, 19 to 21) ; anal I, 21 or 22 ; pectoral 13; 
caudal 13. 

Depth 6.6 to 6, head 4.25 to 4.35, rounded caudal 6.4 to 6.5 
times in length. Eye 4.3 to 4.45, snout 3.2 to 3.4 times in head ; 
interorbital width a little more or less than half of eye. Mouth 
«ctending beneath middle of eye, with 24 teeth in both upper 
and lower jaws; a large stout canine on each side of both upper 
and lower jaws, or those of upper jaw quite small. 

Alcoholic specimens brown to yellowish brown, with 8 con- 
spicuous milk-white diagonal or curved stripes inclined back- 
ward along side; between them equally conspicuous wider black- 
ish-brown stripes; both kinds of stripes shorter posteriorly, fol- 
lowed by 2 irregular brown spots on caudal peduncle; often 
white stripes fading to pale brown. Across back 7 or 8 double 
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crossbars of blackish brown, which extend as spots on base of 
dorsal fin. Alternating with stripes a row of blackish-brown 
spots along upper part of side. FVom front and back of eye 2 
white-margined brown bands passing under chin and uniting 
with those of other side. Behind eye a highly characteristic 
and conspicuous black or very dark-brown spot, margined with 
milk-white lines that extend down across the check and opercle. 
Fins all clear and colorless except anal, which has a basal row 
of dark-browm spots and a dark-brown submarginal band, tips 
of rays white. 

I have collected specimens of this very well-marked and hand- 
some species as follows : two from Nasugbu, Batangas Province, 
28 and 85 mm long; 1 of 26 mm from Culion; 2 from Opon, 
Mactan Island, 80 and 39 mm; 2 from Bais, Oriental Negros 
Province, 27 and 29 mm; 8 from Dumaguete, Oriental Negros 
Province, 29 to 33 mm ; and 1, 45 mm long, from Sitankai. It 
also occurs on reefs at Singapore. 

(. PETROSCHtTBS ERETE8 Jordan and Soalo. 

Petroacirtea eretea Jordan and Seale, Proc. U. S. Nat. Mus. 28 
(1906) 801, fig. 10; Bull. Bur. Fish. 26 (1007) 47; Jordan and 
Richardson, Bull. Bur. Fish. 27 (1908) 283; Herre, Fishes 1981 
Philip. Exped. (1934) 98; Bull. Raffles Mus. No. 13 (1937) 48. 

Petroaoirtea vulaua Jordan and Seale, Bull. Bur. Fish. 26 (1907) 47, 
fig. 20. 

Dorsal 27 to 30; anal II, 15 to 18. 

Depth 4.5 to 5, head 4 to 4.2, caudal 1.1 times in length. Eye 
8.5 to 8.75 times in head. Body elongate, compressed, with a 
long convex snout. Mouth extending back beneath pupil, with 
a pair of large strong canines in low'er jaw and a pair of much 
smaller ones above. 

A small and rather broad simple tentacle at top of each eye, 
a pair of slender simple tentacles on throat some distance from 
chin, a pair of minute simple tentacles on nape, a similar pair 
on upper margin of opercle. Last-named two pairs may be broad 
flaps, and either pair may lack one member. 

Alcoholic specimens mottled brown, with whitish spots and 
dots which are blue in life. Five broad vertical brownish or 
dusky bands across sides of body, which are often indistinct or 
disappear in preservative. Dorsal barred by longitudinal rows 
of reddish-brown spots on first half, and diagonally downward 
and backward rows on second half ; anal with 4 or 6 vertical or 
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diaifonal brown bands, and may be spotted as well. The yellow 
caudal may also be cross-barred with brown spots. Dorsal and 
anal both with outer marsrin yellow. 

The Stanford University museum contains the type of P. mil- 
SU8, 45 mm long:, from Manila, and two cotypes of P. eretes, 37 
and 81 mm long, from Bais, Oriental Negros Province. The 
following Philippine specimens were also examined: One of 41 
mm from Culion; 1 of 62 mm from Cuyo, Palawan; 5 from Du- 
maguete. Oriental Negros Province, 26 to 60 mm long; 1 of 62 
mm from Magallanes, Sorsogon Province; 1 of 28 mm from 
Nasugbu, Batangas Province; 8 from Puerto Galera, Mindoro, 
25 to 59 mm long; and 1 of 21 mm from Sitankai. In addition, 
I collected 4 in the Pelew Islands, 66 to 70 mm long, and 7 at 
Singapore, from 44 to 66 mm long. The distribution is as given 
above. 

10. FETBOSCniTES VAB1ABIL18 Cantor. 

Petroscirtes variabilis Cantor, Cat. Malayan Fishes (1860) 200; DAT, 
Fishes India (1876) 327, pi. 69, fig. 7. 

Dorsal 28 to 31; anal II, 17 to 19, or I, 19. 

Depth 5 to 6.4 times, head 3.6 to 3.7, caudal 4.6 to 6 in length; 
young have caudal 6 times in length. Eye 4 to 6, snout 3.3 to 
3.66 times in head; interorbital width equal to eye, or 1.6 times 
eye. 

Snout truncate, longer than eye, mouth terminal, in large spec- 
imens extending to a vertical from front margin of pupil ; lower 
canines very strong, three-fourths as long as eye ; upper canines 
very small. A very small, simple tentacle on upper rim of eye, 
some specimens also with a pair of very small, fiat tentacles 
some distance dehind chin. 

Alcoholic specimens reddish brown, often with a bluish cast; 
a broad black or bluish-black band extending from eye to caudal, 
with a black or dusky bar acro.ss caudal base. Dorsal and anal 
yellow, rays with diagonal rows of black spots; caudal yellow, 
may also be barred with rows of dusky spots. 

Some specimens are so faded as to almost uniform brown, 
with only a trace of the black median band on the basal portion 
of the caudal, which is densely sprinkled with black dots. 

A specimen 36 mm long was collected on the south coast of 
Cotabato Province, near Kling. I also collected 1 specimen of 
86 mm at Sandakan, British North Borneo, and 6 from 44 to 
71 mm long on a reef at Singapore. This blenny occurs from 
the Philippines to India. 
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It. PBTBOSCniTia ORAHMISTBS (Car. *04 Vol.). 

Blenneehit grammittea CuviER and Valenciennes, Hist. Nat. Poias. 
11 (1836) 210. 

Petroacirtea grammiaiea GCntheb, Pischo der Sudsee 2 (1877) 197, 
pi. 116, fig. F; Meyer, An. Soc. Esp. Hist Nat. Madrid 14 (1886) 
31; Evbrmann and Seale, Bull. Bur. Fish. 26 (1907) 104. 

Petroakirtea ancma Bleeker, Nat Tijds. Ned. Ind. 3 (1862) 273. 

Petroacirtea anema Mbyeb, An. Soc. Esp. Hist Nat. Madrid 14 (1886) 
31. 

Dorsal 28 to 30; anal I or II, 16 to 18. Depth contained 7, 
head 4.6, caudal 3.6 times in length ; eye 3.8, snout nearly vertical, 
4.6 times in head; interorbital 1.6 times in eye. Dorsal origin 
immediately behind rear margin of eye; lower canines of mod- 
erate size, their length about one-third of eye; upper canines 
very small. Large specimens with a pair of small filamentous 
tentacles on throat, a very small pair very close together on nape, 
another very small pair on upper margin of opercle. 

A band composed of short, vertical, violaceous-brown bars, in- 
clined backward, passing from eye to upper end of caudal base, 
then bending toward middle, extending centrally half length of 
caudal; a similar diagonal stripe running back on caudal from 
lower end of base; a violaceous-brown band along dorsal base 
merging on caudal peduncle with band below it; a third dark- 
violet band present in life above anal but in preserved specimens 
often largely disappearing, leaving only portion mentioned on 
caudal ; anterior dorsal rays entirely dark brown, rest of dorsal 
clear except ba.sally ; anal with a marginal brown line. 

Philippine specimens were examined as follows: One from 
Subic, Zambales Province, 63 mm long; 2 from Puerto Galera, 
Mindoro, 24 and 63 mm long; 2 from Legaspi, Albay Province, 
38 and 60 mm long; 2 from Dumaguete, Oriental Negros Prov- 
ince, 87 and 44 mm long. I also collected a specimen 64 mm 
long at Singapore. This species has been collected previously 
in the Philippines at Bacon, Sorsogon Province, and at Cebu. 
Elsewhere it occurs from Java to Yap. 

IS. PBTBOSOIBTES POLTODON BlMker. 

Blentieehia polyodon Bleeker, Nat. Tijds. Ned. Ind. 1 (1851) 264. 

Petroacirtea polyodon GOnther, Cat. Fishes 3 (1861) 236. 

Dorsal 28 to 30; anal II, 16 to 18, 

Depth 4.26 to 4.6, head 3.5 to 3.76, caudal 4.8 to 6.2 times in 
length ; interorldtal width equal to eye, 8.6 times in head ; snout 
broad, convex, a little longer than eye; mouth terminal, cleft 
extending beneath front margin of eye ; strong canines in lower 
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j&w half as long as eye; those of upper jaw about one^ixth eye 
diameter. On upper part of eye a short broad flap, and a similar 
tentacle right behind it, behind rim of eye; a pair of small ten- 
tacular flaps may be present on nape. 

Alcoholic specimens light brown, with a broad, dark, more or 
less purplish-brown band from tip of snout to caudal base ; below 
this a pearly white band, likewise extending from snout tip to 
caudal base, and below this is a narrow dark-brown stripe from 
chin to caudal base ; sides of head, throat, and breast dot^ with 
black, or head and dorsal portion of trunk mottled with paler 
and dusky brown. Dorsal dotted with brown, most specimens 
with a pale longitudinal stripe on upper part; on anal 6 dark- 
brown bands, which extend a short distance on body above. 

I collected IS specimens, 13 to 53 mm long, from a reef near 
Dumaguete, Oriental Negros Province. Previously known from 
Java, Celebes, and Amboyna. Bleeker had a specimen 87 mm 
long from Batavia, Java. 

U. PBTBOSCntTBS 80L0BSN8IS BiMkn. 

PetroekirtM solcrensit Bleekgr, Nat. Tijdschr. Ned. Ind. 4 (1853) 
81. 

Dorsal 80, anal 20; depth 5.38, head 4, caudal 5 times in 
length; snout convex, equal to eye, 3.4, interorbital 3.8 times in 
bead; lower canines robust, more than half eye, upper canines 
very small, 10 or 11 times in eye; dorsal origin over posterior 
margin of preopercle. 

A violaceous-brown band passing over eye to middle of caudal 
and out for a third of its length; a yellowish-white band from 
upper margin of eye to caudal and one from upper lip to caudal ; 
a very dark violaceous-brown stripe along dorsal base to caudal 
and a brown band from chin to caudal base, the two last-named 
converging on caudal to central band; dorsal brown, with three 
rows of darker-brown spots; anal brown, mere or less clouded. 

The following were examined from the Bureau of Science col- 
lection: A specimen 68 mm long from Clarendon Bay, Balabac; 
1 of 34 mm from Cabalian, Leyte; and 1 of 75 mm from South 
Ubian, Sulu Archipelago. 

In life the South Ubian specimen had a bladcish-green band 
from the tip of the snout through the eye to the caudal, ending 
in a conspicuous spot on the caudal base; a yellow band above 
and below the median band; a black band along the dorsal base, 
and another from the angle of the mouth to the tail. 
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Previously known only from Solor, one of the Lesser Sonda 
Islands. 

14. PETBOSCIRTEB TBMMlNCKJt BiMfcw. 

Petrotkirt«» temmineki Bleeker, Nat Tiidscfar. Ned. Ind. 2 (1S61) 
243. 

Dorsal 30 or 81; anal I, 15. 

Depth 4 to 4.7, head 3.8 to 4 times in length. With age the 
upper and lower marginal rays of the i^udal fin become elon- 
gated and threadlike, so that the length of the caudal fin is then 
3 to 4 times in the head and body together. Eye 3.25 to 3.5, 
snout 3.7, breadth of interorbital 4 times in head. There are 
no tentacles. Profile boldly convex from dorsal origin to ter- 
minal mouth, which extends to beneath front margin of eye. 
Lower canines strong, half or more than half as long as eye; 
upper canines very small. 

Pale blue to pearl, with three broad, dark, reddish-brown or 
violet-brown bands along side; first running from interorbital 
along back just below dorsal to its posterior end; second passing 
around snout and across eye, ending a little before hind end of 
dorsal; third running from tip of lower jaw back to pectoral, 
forming a large circular spot on its base ; it then continues from 
the pectoral axil back to the caudal peduncle. Second and third 
band formed of a paler-brown stripe on which are very dark 
circular spots, as large or larger than interspaces ; similar spots 
on caudal peduncle and caudal base, forming a characteristic 
recognition mark. Ground color appearing as bluish or pearly 
white stripes between dark-brown bands. Dorsal fin brown be- 
low, with a submarginal blackish-violet stripe or row of spots, 
middle of fin bluish or pearly. Anal yellowish, with one or two 
rows of violet-brown dots between rays; yellow caudal with a 
dark violet-brown upper margin and sprinkled with rather large 
dark-brown spots on rays. 

Four specimens were obtained at Cebu, 48 to 61 mm long. 
Elsewhere the species is known from the Moluccas and Sin- 
gapore. 

11. PSTROSCIBTES FXROX Bam. PUtw I and 4. 

Pelroaciriet ferox HtUttE, Philip. Journ. Sci. 34 (1927) 277, pi. 8, 
iigi. 2 and 8. 

Dorsal 82 to 36, mostly 38 or 34; anal 24; pectoral 12; caudal 

12, not counting the short accessory rays; ventral 2. 
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Body wedge-shaped, elongate, laterally compressed, its greatest 
depth just back of pectoral base, 5.5 to 6 times in length; caudal 
rounded, equal to depth ; dorsal profile nearly horizontal, highest 
at origin of dorsal and descending at a very slight angle in a 
straight line to caudal base ; ventral profile strongly convex be- 
low head and belly, then ascending in a moderate straight incline 
to caudal base; upper anterior profile of head boldly convex; 
eye 3.66 to 4 times in head, equal to steeply curved snout; 
interorbital width equals half or two-thirds eye; mouth low 
down, inferior, apparently very small, lip concealing its posterior 
angle which is beneath anterior margin of eye; 16 to 18 teeth 
in upper jaw, 18 in lower jaw; a long, stout, recurved canine 
tooth on each side of both jaws, lower canines much the larger, 
their length equal to or greater than diameter of pupil of eye; 
no tentacles or barbels; dorsal and anal extending to, but not 
upon caudal ; dorsal of almost uniform height, equal to or greater 
than an eye diameter in vertical height, posterior rays elongate 
and equal to depth. 

Alcoholic specimens varying from light brown to brownish 
green or brownish gray, underparts paler, body crossed by about 
nine darker vertical bars; often bars, especially forward ones, 
angled, point of angle directed forward ; dorsal, anal, and caudal 
uniform dark brown, or concolorous with body; pectoral pale, 
ventrals whitish. 

Here described from 60 specimens, 31 to 56 mm long, from 
the vicinity of Arabulong, Talisay, and around Volcano Island, 
all in Lake Bombon. They live amid stones and gravel. When 
held in the hand they will snap at skin or finger nails and hang 
suspended by their teeth. 

This little blenny is the only fresh-water species known from 
the Philippines. 

Genus ENCHELYURUS Peters 

Enchelyurua PBTEES, Monatsber. Akad. Wiss. Berlin (1868) 268. 

This genus is closely related to Petrosdrtes, but differs as 
follows: (c), the dorsal and anal are both united to and more 
or less confluent with the caudal; (&), the gill opening is wider, 
extending downward as far, or nearly as far, as the lower end 
of the pectoral base. 

A small genus, containing 4 or 5 inconspicuous species found 
in the East Indies and tropical Pacific. Two species are known 
from the Philippines. It is possible that the discovery of addi- 
tional species, or the study of very large series of known specfei, 
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may show the genua to be a synonym of Petroseirtee. The dif- 
ferences which separate Enchelywrus and Petroedrtes are not 
profound, and the examination of very large numbers of various 
species of both groups may show transitional stages, thus elim- 
inating Enehelyurm. 

Key to the Philippine species of Enehetyurus. 

a*. Uniform black or blackish brown, or with caudal, pectorals, and ventrals 
yellow or pale; dorsal 31 to 33; anal II, 20; pectoral 16.... E. flavipes. 
a*. Everywhere indigo to blue-black, with 2 rows of sky-blue spots along 
sides, on dorsal, and anal; dorsal 28; anal II, 18; pectoral 13. 

E. emnUeo-punetatus. 

1 . ■MCHBLTUBOS FLAVIPES Pctm. 

Enchelyurus flavipes Prterb, Monatsber. Akad. Wiss. Berlin (1868) 
268; Hbrre, Bull. Raffles Mus. No. 13 (1937) 47. 

Enchelyurus flavipes var. nigerrima M. Webeb, Fi8<die Siboga Exped. 
(1918) 545; Herbe, Fishes 1931 Philip. Exped. (1934) 98. 

Dorsal 31 to 33; anal II, 20; pectoral 16; ventral 2. 

Depth 4.65 to 5.5, head 3.9 to 4, caudal 5 to 5.35, broadly 
rounded pectoral 5.36 to 6.6 times in length. Eye 4.26 to 6, 
convex and nearly vertical snout 6 times in head. Angle of 
mouth beneath hind margin of eye ; a very large posterior canine 
on eadh side in lower jaw, a smaller pair in upper jaw. Caudal 
rounded to somewhat pointed. Ventrals 6 to 8 times in length 
in young, but they become elongated with age; in females they 
nearly reach the anus, but in mature males they may extend 
upon the anal fin, 3.7 to 4 times in length. Dorsal undivided, 
increasing in height posteriorly; tips of anal rays more or less 
enlarged posteriorly. 

Typical form uniform blackish brown or black, including ver- 
tical fins, with an elongate yellow spot covering most of caudal 
fin; rarely yellow may extend forward to include rear end of 
body and adjacent parts of dorsal and anal. Dorsal with a 
narrow white or pale margin, usually covered by parallel pale 
lines (blue in life?) on upper part of anterior half; sometimes 
they are on the lower part also, more rarely absent. Tips of 
anal rays white, anal with 2 to 4 faint pale-blue longitudinal 
lines. Pectorals and ventrals yellow. In alcoholic specimens 
the yellow fades to white or colorless. 

My only Philippine specimen belongs to the variety nigerrima. 
It is 88 mm long, entirely black, body and all fins with longi- 
tudinal lines previously mentioned on dorsal and anal ; taken by 
me at CuHon. 
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Peters had 2 specimens of the typical form, each 60 mm long, 
collected at Singapore. 

Dr. Max Weber described the variety nigerrima from 2 spec- 
imens, 62 and 75 mm long, taken near Makassar. 

The only other specimens of this species known are 21 exam- 
ples of the typical form, 36 to 59 mm long, which I collected 
from a reef at Singapore. 

S. ENCHELYUBUS CSRULEO-PirNCTATUS ip. nor. Ptoto 1. 

Dorsal 28 ; anal II, 18 ; pectoral 13 ; caudal IS. 

Depth 4.5, head 4.15 to 4.2, caudal 5.4, pectoral 5 times in 
length ; ventral equal to pectoral, not reaching anus. Eye equal 
to snout, 8.6 to 3.7, depth of caudal base 2.5 times in head. Eyes 
very close together, interorbital breadth 5 times in an eye 
diameter. 

Body laterally compressed, dorsal profile horizontal, ventral 
outline in an arc, depth greatest at dorsal origin, which is over 
the opercle ; snout convex, nearly vertical ; mouth small, its angle 
beneath front rim of eye ; a pair of stout canines in lower jaw, 
those of upper jaw half as large; small gill opening above and 
in front of pectoral base, equal to diameter of eye; dorsal and 
anal both attached to caudal base, but not completely confluent 
with it, as in other species of genus. 

Head, body, dorsals, anal, and caudal very deep indigo or 
blue-black, with 2 rows of small sky-blue spots on side, median 
row beginning at upper angle of opercle, the other behind lower 
part of pectoral; 2 similar rows on dorsal and anal, and 2 or 
S cross rows on caudal ; tips of dorsal and anal rays pale. 

The type, 30 mm long, and paratype, 27 mm long, were col- 
lected from a tide pool among the rocks at Nasugbu, Batangas 
Province, Luzon. The gill opening extends downward below the 
middle of the pectoral base. A very handsome little blenny ip 
life. 

Genoa ANDAMIA Biyth 

Andamia Blytb, Journ. Asiat. Soc. Bengal (1869) 270. 

This remarkable genus differs from Salarias in having an ad- 
hesive disc or sucker on the lower jaw, immediately behind the 
mouth. Caudal rays not branched. Head broad, somewhat de- 
pressed anteriorly ; eyes small, dorsolateral in position and from 
an eye diameter apart in the young to nearly 2 diameters apart 
in adults. Males have dorsal rays more or less elongated, espe- 
cially anterior ones. Orbital tentacle present. 
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Very active slender fishes livinff on exposed rocks on the outer 
reefs and surf-beaten coasts, and spending a great deal of time 
out of the water. Two species are known. One species occurs 
from the Nicobar Islands and Andamans to the Moluccas, the 
otiier is found from the Philippines through the East Indies to 
New Guinea. 

ANOAMU REYI 

Salariaa reyi Sauvaoc, Bull. Soc. Phllomat. IV (1880) 219. 

Andamta eyeloeheilue M. WEBcni, Fische Siboga Bxped. (1913) 538, 
pi. 3, fig. 3; Herre, Philip. Journ. Sci. 59 (1936) 370. 

Dorsal XV, 19 or 20 ; anal 24 to 26. 

Depth 7.38, head 6.5, caudal 8.8, pectoral 6 times in length; 
eye 8, snout 2.4, interorbital 4, ventral 2.4 times in head. Second 
and third dorsal spines a little elongated. There is a fimbriated 
ocular tentacle. 

Large males have the anterior dorsal spines, or all the dorsal 
spines except the first, much elongated. Caudal rays undivided, 
tips filiform, free. A male 77 mm long has depth equal to head, 
6 times, caudal 8.36, pectoral 6.1, ventral 11, second dorsal spine 
3.2 times in length ; eye and interorbital equal, 4.38 times, snout 
and ventral each 1.86 times in head. 

Alcoholic specimens uniform purplish brown or blue-black, 
with or without 10 to 12 paler violet or whitish spots and short 
irregular bars over head, back, and sides; dorsal, caudal, and 
pectoral brown, brownish black, violaceous, or colorless; anal 
may be colorless, or blackish-blue with white margin; ventral 
white. i'. 1 

From Andamia expansa Blyth this species is separated by the 
shape of its adhesive sucker, which is a semicircular or oval 
disc behind the mouth, instead of the double-pointed one of A. 
expansa, 

I have collected Philippine specimens as follows: One of 26 
mm at Nasugbu, Batangas Province; 1 of 60 mm at Layia, Ba- 
tangas Province; 1, 58 mm long, at Calapan, Mindoro; 4, 48 
to 66 mm long, at Puerto Galera, Mindoro ; and 1, 61 mm long, 
on the south coast of Cotabato Province. I also obtained 3, 46 
to 66 mm long, at Taruna, Sangi Island, in the Sagir group ; 20, 
from 28 to 77 ram long, at Lembeh Strait, Celebes ; and 1, 63 mm 
long, on the coast of Sarawak, Borneo. Sauvage had a speci- 
men 70 mm long, collected by Mantano and Key on the coast of 
Tayabas Province. 
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Weber had a specimen from New Guinea, 8 from Flores, and 
one labeled “East Indies.” It is not rare, as has been hitherto 
supposed, but is common enough if one knows where to todk 
for it. 

"niis extraordinary slender little blenny lives on the outer face 
of rocks jutting into the sea, and scampers or leaps about as 
actively as a lizard. Its adhesive disc enables it to cling to 
vertical rocks above the water. Although it lives where the 
water is constantly in motion and highly aerated, it seems to 
need more oxygen and hence takes to the air. It is as keen-eyed 
as Periophthalmus barbarus, or Periophthalmodon schlosseri, 
and at the first sight of a human being, bird, or other enemy, 
bounds off, usually into the water, and hides in a crevice. This 
species evidently occurs commonly in suitable places from the 
shores of Celebes to the coast of Luzon, but is very rarely taken 
because of its excellent vision and great agility. The only way 
I have been able to take these fishes has been by wading out 
along the side of some rock where they were hanging above the 
water. Then with a long-handled dip net in hand, I would step 
out in front suddenly and make a wild dash with the net before 
all could escape. In this way I have secured them in Celebes 
and in the Philippines. 

Key to the East Indian species of Cinipectes, 

a \ Yellow to lig’ht brown, with dark-brown spots on bead and forward part; 
dorsal and pectoral brown-spotted. Dorsal Xll, 12; anal II, 13. 

C. canhms, 

o*. Body and fins black to dark brown; dorsal XI or XII, 15; anal I or 11, 
15 or 16 C. variolosus, 

l. CIBBIFECTSB CANINU8 Berw. 

Cirripectes caninus Herbe, Philip. Journ. Sci. 59 (1986) 284. 

Dorsal XII, 12; anal 15, ventral 8; pectoral 15. Head equal 
to depth, 3.28 times in length ; caudal 4.6, pectoral 2.875 times 
in length ; eye 2.9, snout and interorbital each 8.5 times in head ; 
depth of caudal peduncle equal to eye ; ventral 1.76 times in head. 

Body compressed-ovate, deepest just behind pectoral base, an- 
terior profile descending at an angle of about 45° from over eye 
to tip of snout Mouth small, its angle beneath front marfldn 
of eye. Lower jaw with 4 hooked canines near symphysis, with 
a single row of very small teeth behind them; upper jaw teeth 
similar, canines much smaller. 

On nape a row of 26 tentacles, some of them broad and bifid. 
On anterior nostril a short, broad, fringed tentacle; none on eye 
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or elsewhere. Dorsal entirely free from caudal, latter rounded, 
its central rays longest. 

Yellow, with large brown spots between pectoral and dorsal, 
and small brown spots all over head and on pectoral base; 10 
blackish-brown spots or vertical bands on dorsal; brown spots 
on pectoral, tips of rays black ; other hns colorless. After some 
years in alcohol the yellow has become light brown. 

The type and only specimen, 22 mm long, was taken by me 
with an electric light at Ternate, one of the Moluccas. This 
blenny may be expected around the Sarangani Islands, on the 
south coast of Mindanao, and among the Sibutu Islands. 

a. cnuiiPBcnes vauolosus <ca*. ud v*i.). 

Salariai variolomts Covisa and Valenciennes, Hist. Nat. Poiss. 11 
(1886) 817, pi. 380; GOntheb, Fische der Sudsee 2 (1877) 203, 
pi. 116, fig. A. 

Cirripeotet variolostu SWAINSON, Nat. Hist. 2 (18.39) 276; Fowleb, 
Fishes Oceania, Mem. Bishop Mus. 10 (1928) 484; Hebre, Fishes 
1981 Philip. Exped. (1934) 100. 

Dorsal XI or XII, 15; anal II, 16. 

Depth 3.15, head 3.3 to 3.4, caudal 3.75 times in length. Eye 
4.25 to 4.4, snout 2.75 to 2.8 times in head. 

Strongly compressed, with rather broad head, anterior profile 
convex with vertical or nearly vertical snout; eyes prominent, 
projecting upward, and with a slender tentacle of 2 long slender 
threads on the upper margin. On nape a long row of short 
filaments; nasal filaments fringed and rather long. Upper lip 
crenulate or finely scalloped ; a stout canine on each side of lower 
jaw. Dorsal high, anterior rays often very long with threadlike 
tips, more or less attached to caudal. Large specimens have 
anal spines much thickened and bulbous, their surface gyrose. 

All black or deepest chocolate brown, with elongated dorsal 
spines and upper and lower parts of caudal more or less color- 
less; alcoholic specimens may fade to dull uniform brown, fins 
remaining black. 

I collected the following Philippine specimens: three from 
Dumaguete, Oriental Negros Province, 44 to 66 mm long; 2 from 
San Juan, Siquijor, 38 and 42 mm long; 2 from Sitankai, 65 
and 74 mm long. I also obtained 2 young specimens, 16 and 
81 mni long, at Waigiu. The Stanford Museum has 5, from 40 
to 46 mm long, from Apia, Samoa. 

This little blenny is found all over the tropical Pacific. It 
reaches a length of 92 mm. 
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Genm SALARIAS Curler 

Body usually slender and elongate; skin naked, lateral line 
little developed. Movable teeth numerous, implanted on gums; 
a pair of curved canines, often long and strong, may be present 
on posterior part of lower jaw; simple or fringed tentacles may 
be present on eye, nape, and nostril. A median longitudinal 
skinny crest may be present on top of head ; it is found on males 
only, except in two or three species. Philii^ine specimens with 
crests may be safely regarded as males ; some species never have 
a crest. Dorsal rather high and may be entire, but usually more 
or less deeply notched between spinous and rayed portions; it 
may be free from the caudal or more or less attached to it. 
Jugular ventrals consisting of a spine and 2 or 3 rays. Gill 
opening wide, forming a free fold across isthmus. 

Herbivorous fishes common on reefs and rocky shores in all 
warm seas, numerous species in the tropical Pacific. Most 
members of the genus are very agile, and well deserve their 
name of rock skippers, or lizard skippers. When the tide goes 
out they remain in rock pools, or on exposed rocks, where they 
browse on algae. Some species leap about with all the speed 
and agility of lizards. They lack the brilliant and vivid colors 
of many small coral-reef fishes, the red, orange, yellow, blue, 
violet, crimson, and green of butterfly fishes, labrids, and damsel 
fishes. Nevertheless they are often very handsome, with rich 
quiet harmonious colors in various shades and markings of 
brown, gray, reddish, bluish, purplish, and black. To see them 
at their best, and to gain some idea of their life and habits, one 
should visit some bold and rocky coast, approaching cautiously, 
at low tide, small but rather deep pools in the rocks and ob- 
serving the rock skippers. Some will be clinging quietly to the 
walls of the pools and some swimming about; almost certainly 
some will be moving around out of the water. Usually several 
species may be seen in a pool, and the different beluivior of 
various species compared. Whoever makes an attempt to catch 
some, will form a new conception of the astonishing physical 
powers of some fishes, and the limitations of man. To see a 
rock skipper go bounding away in great fiying leaps to deep 
water and safety, or jump from one roughness to another as it 
surmounts a nearly vertical ledge of rock a meter and a half 
high and then with a few great skips is gone into the surf, is to 
witness one of the most surprising and unfishlike performances 
in the world. 
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The identification of rock skippers is often very difficult. The 
characteristic colors and markings of many kinds often change 
or disappear very quickly after death, while many species of 
very different appearance come to look alike after being in pre- 
servative for a time. To determine them it is necessary to 
examine a large series of both fresh and preserved material. 
The number of dorsal and anal spines and rays, the shape and 
extent of the dorsal, and the development of the tentacles and 
crest will usually make it possible to name specimens without 
difficulty if a goodly number are available for study and com- 
parison. Fortunately a few well-marked and strongly charac- 
terized species never lose their identification marks. 

The 19 species of Salarias here mentioned are by no means 
all that live in Philippine waters. Further collecting will un- 
questionably reveal most of those known from the Dutch East 
Indies. I do not doubt the occurrence of at least 25 species of 
Salarias in the Philippines, and the number may prove to be 
greater. 

Key to the Philippine species of Salarias. 
a \ Dorsal not notched. 

6*. Body uniformly dark brown or black; fins all dark or caudal yellow; 
dorsal and anal elongate posteriorly, sometimes for half or three- 
fourths of caudal length; dorsal 29 to 31; anal II, 18 or 19. 

1. S. fuscus. 

b \ Not uniformly dark brown or black, 
c Dorsal attached to caudal. 

d \ Brown, thickly sprinkled with blue-black dots ; dorsal and caudal 
with cross rows of spots and bars ; no canines ; broad, palmately 
fringed tentacles on eye and nape; dorsal 29 or 30; anal I, 

18 or 19 2. S. ceramensis. 

d*. Seven wide, dark crossbands; black dots and dashes above pec- 
toral, passing into longitudinal lines along side; large circular 
white or pale spots below lines and on pectoral base; broad 

fringed tentacles on eye, nape, and nostril 3. S. fasdatus. 

e \ Dorsal free from caudal ; 2 or 3 rows of elongate brown-edged white 
spots on sides and small circular ones on head; no violet or blue 
spots on throat; small canine in lower jaw; minute tentacles on 
eye and nape; dorsal XII or XIII, 19 to 22; anal II, 22, or I, 23. 

4. S, nitidus. 

(S. alboffuitatus, a Polynesian species, has a large violet-brown 
or dark spot on each side of the throat.) 
a •. Dorsal more or less deeply notched. 

( \ A longitudinal crest along top of head. 

Dorsal XV, 19; anal 11, 20; a stout, marginally fimbriate, orbital 
tentacle and fringed nasal tentacle; uniform light brown with 
8 broad, dark crossbars, divided below, and a basal caudal band. 

6. 5. colei. 
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0 ^ Dpraal with Xll or XIII spines. 
d ^ Two rows of short blue or pearly bars on sides ; a circular blue- 
black spot at upper angrle of opercle; a blue bar below and a 
blue spot behind eye, often turning black; dorsal XU, 20 or 
21; anal I or II, 20 or 21; a long simple orbital tentacle. 

6. Males of 5. peHophthalmm. 

Also with 4 to 8 longitudinal brown lines along middle of side. 

5. p€r%ophth4ilimi8 var. visaywnm. 
d*. Without rows of blue or pearly bars on side. 
e \ Five to seven dark or black longitudinal lines on sides. 
f \ Pale brown, with 6 to 7 very dark lines along sides, breaking 
posteriorly into dots and dashes; a small orbital tentacle; 
canines present or abs^t in lower jaw. 

7. Males of S. coMdolineatua. 
f *, Brown or leaden, with 6 to 7 darker lines along sides ; not 
breaking up posteriorly, crest low; no canines; orbital ten- 
tacle finely fringed, and a smaller nasal one; dorsal XII, 

23 or 24; anal II, 23 or 24 8. Males of S. Hneatus. 

s*. Without several parallel dark lines along sides. 

/ \ Sides with many violet crossbands, wider than interspaces, 
breaking up into irregular vertical lines posteriorly; no 
canines; orbital tentacle three-fourths of eye, simple or 
fringed; nasal tentacle small; dorsal XIII, 19 to 21; anal 

I, 21 or 22, or I or II, 19 or 20 9. S, oorti. 

f *. Not as above. 

g \ Dorsal XII or XIII, 17 or 18; anal I or II, 16 to 18; 7 or 8 
broad, forked, dark crossbands, extending on basal half 
of dorsal; 2 rows of white dots on sides; similar blue 
dots on top of head, all dots usually brown in preserved 
specimens; orbital tentacle simple or fringed, and minute 

fringed nasal tentacle 10. S. hilineatut. 

g\ Dorsal XII or XIII, 19 to 22; anal I or III, 20 to 24; dorsal 
attached to caudal. 

h\ Dorsal XIII, 19 to 21; anal 1, 20 to 22; nape and orbital 
tentacles small; nasal tentacle very small, usually com- 
posed of 4 filaments; uniform brown, or with darker 
crossbars; anal with 2 rows bluish spots, or uniform; 
a diagonal dark bar behind eye, often disappearing. 

11. Males of S* tdenttUia, 
h*. Dorsal XII or XIII, 20 to 22; anal I, 23 or 24, or II, 
21 to 24, or III, 22; orbital tentacle equal to or more 
than eye, tip and marginal filaments white or pale; 
7 double brown crossbars, 2 rows brown dots on lower 
half posteriorly; dorsal, caudal, and anal white-mar- 
gined 12. Males of S. zainhoangm. 

b No crest on head. 

d \ Upper Hp crenulate or denticulate. 
e \ Dark lines from eye over snout, sides of head, and throat; no 
tentacles on nape; dorsal XXII, 16 to 17; anal I, 17 to 19 or 
II, 16 or 17 18. 5. fremtue. 
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e *. Sides brown mottled, with row of white epots just below median 
line; a black spot above pectoral base and black streak behind 
eye; dorsal XII or XIII, 14 to 16; anal I or II, 16 or 17. 

14. S, Tnarmorat'ua. 


d\ Upper lip entire. 

Dorsal with less than 19 rays. 

g\A purplish or brown spot or ring on each side of throat; 
body pale brown, or with double white crossbahds, forked 
below; black dots in irregular rows on sides, or a row 
of 17 to 19 below dorsal; 1 or 2 large circular white or 
pale spots on pectoral base; 2 irregular rows or white 
spots on lower half of head and body; canines absent or 
present. Dorsal XII or XITI, 17 or 18; anal I, 18 or 19. 

15. S. guttattiB, 

g *. Without purplish or dark spot or ring on each side of 
throat; anterior half with many black dots, merging into 
lengthwise lines and stripes; orbital tentacle longer than 
eye, fringe-edged; nasal tentacle palmate; dorsal XIII, 

16 to 17; anal II, 16 to 18 16. 5. aneitensiB, 

f •. Dorsal with 19 or more rays. 

Sides with 2 rows of short blue or pearl bars; a circular 
blue-black spot at upper angle of opercle; a blue bar 
below, and a blue spot behind eye, blackening in preser- 
vative; a small canine below; small simple orbital ten- 
tacle; dorsal XII, 20 or 21; anal I or 11, 20 or 21. 

6. Females of S. periopkthalmm. 

Also with 4 to 8 brown lines from near tip of pectoral 
to above middle of anal. 

5. periophthalmus var. visayanuB, 
p*. Without blue or pearl bars along sides. 

Brown, with 6 to 7 darker lines along sides; no canines; 
orbital tentacle small, finely fringed; nasal tentacle 
similar but smaller; dorsal XII, 23 or 24; anal II, 

23 or 24 8. Females of S. lineatuB, 

h *. Without longitudinal black lines on aides. 
i '. Reddish brown, with conspicuous rows of abort black- 
ish-brown bars and spots on sides, a row of spots 
on lower part of anal ; often a blue dot or bar behind 
eye; simple tentacle on eye and a small divided nasal 
one; a minute canine below; dorsal XIII, 19 or 20; 

anal I, 19 or 20 17. S. interruptm, 

t*. Not as above; no canines. 

Dorsal free from caudal; whitish with 7 brown spots 
on side, each with 3 or more conspicuous black 
dots; a row of prominent black dots along lower 
part of side; minute simple tentacles on eye, nape, 
and nostril; dorsal XII, 19 or 20; anal II, 20. 

18. 5. fowleri. 

j *. Dorsal attached to caudal. 



348 


The Philippine Jouriud of SeieTwe 


im 


k\ Pectoml clear, with S rows minute brown dots; a 
row of red-brown spots above anal, and 2 to 4 
rows posteriorly; dorsal and caudal clear, with 
4 rows red-brown spots; males with a small 
canine; simple tentacle over eye; nasal tentacle 
bifid or trifid; dorsal XllI, 19 or 20; anal I, 19 

to 21 * 19. 5. deuni. 

k *. Pectoral not as above. 

I \ Brown with faint darker crossbands and many 
reddish to dark-brown dots or small spots all 
over body, dorsal, caudal, and pectorals; or- 
bital and nape tentacles small; nasal tentacle 
very small, usually composed of 4 ^laments; 
dorsal XIII, 19 to 21 ; anal I, 20 to 22. 

11. Females of 8. edentul%i», 
Z*. Dorsal XII or XIII, 20 to 22; anal I, 23 or 24, 
or III, 22; 7 double brown crossbars and 2 
rows of brown dots on each half posteriorly; 
dorsal and caudal barred with brown and 
white, anal brown, all 3 fins wbite-margined ; 
orbital tentacle equal to, or more than eye, tip 
and marginal filaments while or very pale, 

16. Females of S. aneitensia. 


1. 6ALAB1A8 FU8CUS Bllpi»etl. 

Stilarias fuscus RUppell, Neue Wirb. Fische (1936) 136, pi. 32, fig. 2; 
Fowler, Copeia (June 18, 1918) 65; Acad. Nat. Sci. Phila. 79 
(1927) 296. 

Salarias holomelas GOntheb, Ann. & Mag. Nat. Hist. IV 10 (1872) 
899; Meyer, An. Soc, Esp. Hist, Nat. Madrid 14 (1885) 31; Herrs, 
Fishes 1931 Philip. Exped. (1934) 97. 


Dorsal 29 to 31; anal 19 or II, 18 or 19. 

Body deep, often pot-bellied, much compressed; dorsal profile 
slanting rapidly downward from dorsal origin to caudal pedun- 
cle; anterior profile vertical or nearly so, usually projecting 
slightly beyond mouth. Depth 2.7 to 2.8, head 3.76 to 4 times 
in length. Caudal fin slender and elongate in small or medium- 
sized specimens, 2.6 to 2.8 times in length. Eye large, far for- 
ward, conspicuous, 3.75 to 4.26, snout 2.46 to 2.7 times in head. 
Margin of upper lip fimbriate; no canine teeth. Tentacles on 
eye and nape small, slender, simple, often difficult to find ; nasal 
tentacles very small, simple or divided. Dorsal not notched, 
slightly or not at all attached to caudal. Last dorsal and anal 
rays often much elongated, extending nearly to end of caudal. 

Dark brown to black ; in the typical form the caudal is yellow, 
but every gradation occurs from all yellow through partly yellow 
to entirely black. Pectoral also yellow, with a circular black 
spot on upper part of base in typical fusem, but it too varies in 
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color BO that some individuals have the pectorals entirely dark 
brown. 

I have examined 4 specimens from Jolo, 44 to 68 mm long, 
10 from Sibutu, 47 to 67 mm long; and 12 from Sitankai, 34 to 
60 mm long. Previously reported from Cebu. This blenny was 
first described from the Red Sea, but occurs abundantly as far 
east as the Pelew and Fiji Islands. I have never seen this 
blenny leave the water or cavort around on the rocks at low 
tide ; it apparently always remains in the water. 

>. SALAKIAS CERAMENSIS Bltclrar. 

Sataria$ ceramen»i» Bleekeb, Nat. Tijdschr. Ned. Ind. 3 (1852) 701 ; 
HERKE, Fishes Herre 1031 Philip. Bxped. (1934) 06. 

Dorsal 29 or 30; anal I, 19 or 18. Depth 3.33, head 3.8 to 
3.9, caudal 4.3 to 4.4 times in length. Anterior profile of head 
vertical ; a broad palmately fringed tentacle on each side of nape, 
a narrower one on each eye, and a very small palmately fringed 
pair of nasal tentacles. No canines. Dorsal not notched, at- 
tached to caudal. 

Alcoholic specimens brown, thickly sprinkled with blue-black 
dots; dorsal and caudal both cross-barred with rows of brown 
spots and with several rows of black dots along upper margin 
of dorsal and tip of tail. The anal may be sprinkled with dusky 
spots or clear brown. 

Two specimens, 33 and 67 mm long, were examined from Si- 
tankai. A specimen 112 mm long, from Singapore, has the tips 
of all the anal rays elongated, the anterior rays much elongated 
and almost entirely free. 

A rare species, previously known only from Ceram, Buru, 
Amboyna, Misol, and Gebe, in the Dutch East Indies. 

•. SALABIA8 FASCIATUS (Bloch). 

Blemms faseiatus Bioch, Ichtyologde 2 (1786) 110, pi. 162, fig. 1. 

Salariae fasciatua GtJNTHEB, Cat. Fishes 3 (1861) 244; Meyer, An. 
Soe. Esp. Hist. Nat. Madrid 14 (1885) 31; PETERS, Monatsber. 
Akad. Wisa. Berlin (1868) 269; Jordan and Seale, Proc. U. S. Nat. 
Mus. 18 (1906) 799; Evermann and Seale, Bull. Bur. Fish. 28 
(1907) 104; Jordan and Richardson, Bull. Bur. Fish. 27 (1908) 
284; Fowler and Bean, Proc. U. S. Nat. Mus. 62 (1923) 72; 
Fowler, Proc. Acad. Nat. Sci. Phila. 79 (1927) 295; Herre, Journal 
Pan Pac. Res. Instit. 8 (1933) 11; Fishes Philip. Exped. 1931 (1934) 
97. 

Dorsal XII, 19 of 20 ; anal I, 19 or 20. Depth 8.6 to 4, head 
4.1 to 4.3 times in length. Eye 8 to 8.4 times in head. A bifid 
or trifid tentacle over each eye, a small bifid nasal tentacle, and 
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a broad fringed one on each side of nape. No canines. Un- 
divided dorsal attached to caudal fin; anterior anal rays more 
or less detached, with elongate tips. 

This large, heavy-bodied rock skipper is common in tide pools 
on rocky coasts, and, as shown by the list of citations above, has 
been collected many times in Philippine waters. When dis- 
turbed, it is one of the first fishes to leave, leaping over obstacles 
and climbing rodcs with great speed ; the very large individuals 
nearly always depart at the first hint of danger, so that they are 
seldom caught. 

In life more or less violet-brown to bluish, with 6 to 8 broad 
brown bands across dorsal and body; between these bands, espe- 
cially on lower part of body, on pectoral base, and on head some- 
times, are sky-blue circular spots; on upper part of anterior half 
of body are many blue-black dots which pass into blue-black 
along middle of body ; on dorsal two or three rows of very pale 
or bluish spots separated by broken upper ends of crossbars. 

Alcoholic specimens brown, rarely bluish brown, with 6 to 8 
broad darker-brown crossbanda which extend on lower half of 
dorsal fin, breaking up into two bars and then fine lines on upper 
half. The blue-black dots and lines are as in life. Large yel- 
lowish or whitish circular spots, often with a central dark dot, 
usually covering pectoral base and under surface of body and 
head, and up to level of pectoral base. Dorsal as in life, but 
darker; pectoral and caudal pale, cross-barred by several rows 
of dark-brown or black spots; anal pale to dark brown, with 
two rows of dark-brown dots, tips of rays usually white. 

This blenny, called palu at Cagayancillo, is found on all Philip- 
pine coasts, and is one of the easiest of our rock skippers to 
recognize. It is entirely unlike any others, so that it is never 
confused with the rest of the group. I have examined Philip- 
pine specimens ranging from 20 to 106 mm in length, from the 
following localities : Alabat Island, 1 ; Bacon, Sorsogon, 1 ; Bais, 
Oriental Negros Province, 6; Cabalian, Lesrte, 2; Calapan, Min- 
doro, 2; Cebu, Cebu, 4; Dumaguete, Oriental Negros Province, 
12; Iba, Zambales Province, 1; Nasugbu, Batangas Province, 2; 
Polillo, 1; Punta Flecha, Zamlmanga Province, 4; Sibutu, 4; Si- 
tankai, 18; Southern Negros, 1. 

I have also examined the following specimens, ranging from 
25 to 125 mm in length: Ishigaki, Riukiu -Islands, 1; Taruna, 
Sangir Island, 3; Singapore, 5; Pelew Islands, 5; Nukulau, Fiji, 
4; Ovalau, Fiji, 8; Suva, Fiji, 4; Apia, Samoa, 10. Two of the 
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Singapore specimens are much larger than any seen from the 
Philippines. These big specimens are females, the males never 
reaching much more than 75 mm. 

This species ranges throughout Polynesia and westward to the 
Red Sea and the East Coast of Africa. 

4. BALABIAS NITIDUS Olntliw. 

SaUtriaa nitidus GOntheb, Cat. Fishes 3 (1861) 243; Fische der Stid- 
see 2 (1876) 200, pi. 118, fig. P (Description pro parte; not fig. G, 
which is S. belemnitea) ; Hekre, Fishes Herre 1981 Philip. Exped. 
(1934) 97. 

Salairiaa alboguttatiu Herre, Fishes Herre 1931 Philip. Exped. (1934) 
96 (not of Kner). 

Dorsal XII or XIII, 18 or 19 to 22 ; anal II, 20 to 22 or I, 23. 
Depth 6.9 to 7.3, head 5 to 6.3 times in length. Minute simple 
orbital and nasal tentacles, and a pair of similar tentacles on 
nape. Very small canines in lower jaw, but these may be absent. 
Dorsal free from caudal. 

Alcoholic specimens gray to grayish brown, with 7 broad 
brown crossbands on upper two-thirds of body and extending 
on dorsal fin; sides of head sprinkled with pearly white spots, 
2 or 3 rows of elongate brown-edged white spots on sides of 
body. Dorsal more or less reddish brown, spotted where crossed 
by dark bands extending up from trunk, and with 3 or 4 rows 
of white spots ; anal clear, with a submarginal row of white spots 
and a dark-brown margin ; caudal with cross rows of white spots, 
and a few dark specks, with dark-brown margins. 

I have examined 17 specimens from Dumaguete, Oriental Ne- 
gros Province, 22 to 37 mm long. 

Sfdarias (Ubogvitatus Kner, which resembles the above species 
very much, differs by having a large violet or violet-brown spot 
on each side of the throat. 

ScUariae nitidus is only known positively from the China Sea 
and the Philippines. The fish reported from Samoa as S. nitidus 
by Gfinther is Salarias belemnitea deVis., which is widespread 
in Polynesia. 

«. BAtAKIAS COUtI Mm*. 

Salarias eoM HcautE, Fishes Herre 1931 Philip. Exped. (1934) 96. 

Dorsal XV, 19; anal II, 20. 

Depth 6.2 to 5.25, head 4.25 to 4.35, caudal 5 or 4.5 times in 
length. Eye B.66 to 3.9, snout 2.6, least depth of caudal peduncle 
2.8 times in head. 
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Body elongftte, compressed ; breadth of head equal to its depth ; 
maxillary extendinsT beneath hind margin of eye. On eye a 
stout, flat, marginally fimbriate tentacle, its length two-thirds 
that of eye; a fringed tentacle on anterior nostril; on nape a 
rounded crest Dorsal deeply notched, free from caudal. 

Alcoholic specimens uniform light brown, with 8 broad dark- 
brown crossbars, which divide below middle of side, and a dark 
crossband at caudal base. Sides of head sprinkled with many 
small, brown spots, or almost uniform in color. Dorsal mottled, 
or streaked with dusky lines running diagonally upward and 
backward; anal uniformly dusky, dorsal and anal rays tipped 
with white; caudal light brown to clear. 

The type, 57 mm long, and one paratype, 50 mm long, are from 
Culion. No other specimens have been collected. 

t. 8A1.ARIAS PBSIOPBTBAUIUS CaTl«r and ValmeimnM. 

Salariaa periophthalmua CirviER and Valenciennss, Hist. Mat. Poisa. 
11 (1886) 811, pL 328; Petbes, Monataber. Akad. Wiaa. Berlin 
(1868) 269; Herre, Journ. Pan Pac. Res. Inat. 8 (1933) 11; Fiahea 
Herre PhiUp. Exped. 1981 (1934) 97. 

Salariaa dean* Jordan and Seaie, Bull. Bur. Fish. 27 (1908) 284. 

Dorsal XII, 20 or 21 ; anal I or II, 20 or 21. 

Very elongate, slender, strongly compressed. Depth 6 to 6.4, 
head 4.4 to 4.6, caudal 4.25 to 4.8, and pectoral 6 times in length. 
Eye 4, snout 3.1, least depth of caudal peduncle 2.25 times in 
head. Mouth inferior, convex profile bulging opposite eyes which 
are very far forward, maxillary extending well behind eye. 
Both sexes with a small curved canine on each side of lower jaw. 
Females with a small simple orbital tentacle ; males with a longer 
one, equal to or more than eye, and a low median crest on top 
of head. 

In life roseate, with 6 to 7 violet or violet-brown wide cross- 
bars, which are violet-red and divided on lower part of body; 
along sides two rows of widely spaced short pearly blue bars 
which form a highly characteristic feature of this easily recog- 
nized species. Males with a pearly blue circular spot on operde. 
Females with one or two pearly blue spots behind eye and a 
similar short bar below it. Sometimes males with blue spots 
behind eye. 

Alcoholic specimens mottled leaden and brown or very dark 
brown, crossbands often dim or disappearing. Pearly blue bars 
and spots may retain their color, but more often blacken and 
sometimes disappear; careful examination will reveal some or 
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all of them, even when they seem to be absent ; they are usually 
margined with black. Dorsal brown, with a white margin, and 
several darker lines or rows of spots running upward and back- 
ward ; anal brown, with a dusky marginal band ; caudal brown, 
its upper margin white, its basal portion with cross rows of 
white dots, and longitudinal white lines on membranes ; tip may 
be white. 

This is one of the most agile of the rock skippers, as well as 
one of the easiest to recognize. The coloration of preserved 
specimens is subject to very great variation, but the rows of 
pearly blue bars will always ensure identification. Females 
i-each a length of 150 mm, but I have been unable to capture any 
such large and exceedingly active specimens. 

I have examined the following Philippine specimens : Fifty- 
four from Nasugbu, Batangas Province, 22 to 61 mm long; 44 
from Dumaguete, Oriental Negros Province, 16 to 88 mm long; 
8 from Currimao, Ilocos Norte Province, 45 to 66 mm long; 9 
from Culion, 36 to 56 mm long; 1 from Punta Flecha, Zamboanga 
Province, 34 mm long; 1 from Calayan, 60 mm long. The spec- 
imen from Calayan (?) Salarias deani Jordan and Seale in the 
citation above, is a male of S. periophthalmus. 

The Stanford Museum also contains a specimen, 60 mm long, 
from Nukulau, Fiji; 4 specimens, 28 to 88 mm long, from Apia, 
Samoa; 12 specimens, 16 to 42 mm long, from Wala Island, New 
Hebrides; 1 specimen, 46 mm long, from Waigiu; and 1 speci- 
men, 90 mm long, from Durban, Natal, South Africa. 

SALABIAS PBBIOPHTHALMirs nr. V1SAVANU8 Herr*. 

Salarias periophthalmus var. visaj/anus Hekbs, Fishes of the Herre 
1981 Philip. Exped. (1934) 97, 98. 

This well-marked variety is distinguished at once from the 
tirpical form by the presence of 4 to 8 longitudinal brown lines 
along each side ; these lines are of variable length and irregular 
course, but usually extend from near the tip of the pectoral to 
above the middle of the anal. In alcohol they often partially 
disappear, and sometimes seem to vanish altogether. 

The body and head are as in the typical form. In alcohol the 
lower half of the dorsal is pale to whitish brown, the upper half 
darker brown, with a conspicuous white margin ; on all but the 
anterior part the dorsal is marked by widely spaced dark-brown 
lines running upward and backward. The caudal is cross-barred 
by white dots, its tip broadly white or whitish. 

Abundant at Dumaguete, Oriental Negros Province, and at 
Culion, and no doubt all through the central and southern Philip- 
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pines. The type is 66 mm long, and 17 paratypes from Duma- 
guete, Oriental Negros Province, and 16 paratypes from Culion 
range down to a length of 20 mm. I also collected 4 specimens 
at Mombasa, East Africa, 84 to 64 mm long. 

T. BALAHIAS CAUDOUNBATUS GObUmt. 

Salariae eaudotineatus GOntheb, Fische der SUdsee 2 (1876) 209, 
pi. 116, fig. F; Hebre, Journ. Pan Pac. Rea. Inst. 8 (1638) 11; 
Fishes Herre Philip. Exped. 1931 (1934) 96. 

Dorsal XIII, 20 to 23 ; anal I or II, 20 to 24. 

Body elongate and compressed, depth 6 to 5.7, head 4 to 4.9, 
caudal 4.6 to 6 times in length. Eye 8.4 to 8.8, snout 2.8 to 8 
times in head. Dorsal deeply notched, very slightly attached 
to caudal. Males usually with a large to very large median 
crest, but this is a highly variable character. Some specimens 
25 to 80 mm long have an extravagantly large crest, while some 
males of 50 mm have a crest that is little more than a slight 
ridge. Females apparently lack the crest, though some indi- 
viduals that seem to be females have a very small one. The 
mouth parts of many specimens from the Philippines, Polynesia, 
and the east coast of Africa show no canines in the lower jaw, 
except in 9 specimens, 16 to 50 mm long, which I collected at 
Hog Harbor, Espiritu Santo Island, in the New Hebrides. GUn- 
ther and Fowler both state canines are present but they are 
evidently rarely developed. The orbital tentacle is variable with 
sex and age. It is often slender, pointed, and shorter than the 
eye, but may be much longer ; males often have it with hbrillose 
margins, and it may become broad with long marginal fibrils. 
Upper lip crenulate. 

Alcoholic specimens vary from pale gray or almost white to 
leddish brown or brown, with 6 to 8 broad darker-brown double 
crossbars over the back and down the sides; often these are 
reduced to dark-brown or blackish spots or bars beneath the 
dorsal and on its basal portion. On each side of the body are 
from 6 to 7 longitudinal black or very dark-brown lines, which 
break up posteriorly into dashes and dots. The dorsal is white 
or colorless, with black or brown dots or bars or with blackish 
lines running upward or backward, or the hind half may have 
6 to 8 fine, wavy, longitudinal, reddish-brown lines. The anal 
is white or pale, with a basal row of dark-brown dots, or whitish 
with a subraarginal dusky band and white tips on the pointed 
rays in females, or in males the entire outer portion, including 
the tips of the rays, may be black or blackish. The caudal is 
barred by numerous rows of black dots, the tip pale or whitish. 
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I have examined Philippine specimens as follows: One from 
Calapan, Mindoro, 40 mm ; 33 from Nasugbu, Batangas Province, 
16 to 61 mm; 22 from Dumaguete, Oriental Negros Province, 
21 to 67 mm ; and 1 from the South Coast of Cotabato Province, 
Mindanao, 66 mm long. In addition, I collected 3 specimens, 
37 to 68 mm long, at Mombasa, East Africa; 2 at Waigiu, 43 
to 48 mm long; a female, distended with eggs, at Malo Island, 
New Hebrides, 63 mm long; 1, 89 mm long, from Vila, Efate 
Island, New Hebrides; 10, from 40 to 86 mm long, from Wala 
Island, New Hebrides; and 2, from 62 to 72 mm long, from 
Ovalau, Fiji. This handsome rock skipper occurs all over the 
Indo-Paciftc reffion. 

1. SALARUS LINEATU8 Cavlw aiid ValtnehmiMi. 

Salariae lineatm CuviER and Valenciennes, Hiat. Nat. Poiss. 11 
(1886) 814; Herre, Journ. Pan Pac. Res. Inst. B (1933) 11; Fishes 
Herre Philip. Exped. 1931 (1934) 97. 

Dorsal XII, 23 or 24 ; anal II, 23 or 24. Depth 6 to 5.3, head 
4.6 to 4.9, caudal 6.66 to 6.5 times in length. Eye 3.8, snout 
2.9 times in head. Body slender, elongate, compressed ; anterior 
profile of broadly convex head nearly vertical. A small, finely 
fringed orbital tentacle and a smaller one on the anterior nostril. 
No canines ; dorsal fin deeply notched. Males have a low median 
crest on head, which is lacking in females. 

Alcoholic specimens vary from grayish brown and reddish or 
purplish brown to leaden, with 6 short black or dark-brown 
double crossbars over back; alternating with these are 6 pairs 
of dark-brown double bars on lower two-thirds of body. Along 
each side, from head to caudal base, 4 to 6 black lines, some of 
which may be wavy and run together, or may not extend all 
the way. Dorsal varying from clear or whitish to pale brown, 
with 4 to 8 dark-brown lines running upward and backward, 
those along top of second dorsal nearly horizontal and very close 
together, leaving a whitish band along middle of second dorsal. 
Anal very pale to light brown, with a dark-brown or blackish 
margin. Caudal whitish basally with remainder purplish brown, 
or entirely pale to dark brown. Philippine specimens have 
blackish vertical lines on snout and sides of head. 

Five excellent examples, 40 to 77 mm long, were obtained at 
Dumaguete, Oriental Negros Province, and 3, 49 to 62 mm long, 
in wretched condition, were received from Nasugbu, Batangas 
Province. In addition I have examined the following; 2 from 
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the Sembilan Islands, on the west coast of the Malay Peninsula, 
109 and 112 mm long; 1 from Lembeh Strait, Celebes, 48 mm 
long; 2 from Ovalau, Fiji, 29 and 62 mm long; and 3 from Pago 
Pago, Samoa, 58 to 85 mm long. This species is found from the 
Andaman Islands eastward throughout Polynesia. 

». SALAKIAS OORTI BImImi-. 

SalarioB oorti Buxker, Nat. Tijd. Ned. Ind. 1 (1850) 267, fig. 15; 

Herre, Journ. Pan Pac. Res. Inst. 8 (1039) 11; Fishes Herre Philip. 

Exped. 1931 (1034) 97. 

Dorsal XIII, 19 to 21 ; anal I or II, 19 or 20, or I, 21 or 22 ; 
depth 5.3 to 5.8, head 4.65 to 4.8, caudal 4.45 to 4.7 times in 
length ; eye 3.76 to 3.9, snout 3 to 3.2 times in head. Interor- 
bital space concave, eyes very far forward, anterior profile ver- 
tical or forehead projecting beyond mouth; maxillary extending 
beneath hind margin of eye ; my specimens have no canines, but 
Bleeker and Gunther state that adults have small canines in the 
lower jaw. A rather large rounded median crest on top of head ; 
orbital tentacle two-thirds as long as eye and simple, or very 
small and simple, or small and fringed. 

Roseate, with many violet crossbands, often arranged in pairs, 
and broader than interspaces, but breaking up into irregular 
lines on last third of body. First part of dorsal violet or red- 
dish, with four diagonal or longitudinal wavy blue stripes ; hind 
part violet or rose, with or without a broad yellow or pale band 
along middle, and 5 or 6 diagonally lengthwise dark-edged blue 
stripes on upper half. Anal darker than body, caudal paler, 
with outer third reticulated with blue lines enclosing white spots. 
Alcoholic specimens roseate and violet, turning to violet-brown 
and brown, and blue lines on fins becoming dark brown. 

A specimen, 68 mm long, from Atimonan, Tayabas Province; 
1, 56 mm long, from Calapan, Mindoro; 2, 56 mm long, from 
Dumaguete, Oriental Negros Province; 1, 68 mm long, from Iba, 
Zambales Province; and 1, 71 mm long, from Mariveles, Bataan 
Province, have been examined. This handsome rock skipper is 
known elsewhere from Sumatra, Java, and the Moluccas, and has 
also been reported from Fiji and Zanzibar. 

M. BALABIAB BILmBATUB P«tan. 

Salariae bilineatut Peters, Monatsber. Akad. Wiss. Berlin (1868) 
260; Herre, Fidies Philip. Exped. 1981 (1984) 96 (in part; Culion 
specimens only). 

Dorsal XII, 16 to 17, or XIII, 17 or 18; anal I or II, 16 to 18. 
Depth 5, head 8.9 to 4, rounded caudal 4 to 4.6 times in length. 
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Eye 4 to 4.6, snout about 3 times in head. Anterior profile of 
head rounded, projecting:, eyes very high up and projecting above 
dorsal profile. 

Males with a median crest on head, a small orbital tentacle, 
simple or with fringed margins, a minute one on nape, and a 
minute fringed nasal tentacle. There may be a minute canine 
on each side of lower jaws. Females have no crest, a simple or 
fringed tentacle on eye only, and no canines. 

Alcoholic specimens gray, densely punctate with brown, or 
fading to uniform slate, with 6 double dark-brown crossbands; 
on sides between dark bands two rows of white dots, or nu- 
merous white dots arrangred in backward curving vertical rows, 
with 4 to 6 dots in a row, with smaller blue dots on sides of 
head. All dots may become brown in preserved specimens. 
Three dark bands on snout and lower part of preopercle and ex- 
tending on throat, with white bands or spots between them on 
throat ; behind eye a black bar. Dorsal clear, with a character- 
istic black spot at top between first and second spines; about 9 
blackish bars running up and back on second half of dorsal. 
Anal clear or with a dark submarginal band; caudal with a 
blackish spot at its base. 

Specimens were examined as follows: Seven from Culion, 
30 to 45 mm long; 4 from Nasugbu, Batangas Province, 25 to 
27 mm long. Peters had a single specimen, taken on a coral 
reef east of Lauang, Samar. This rock skipper seems to be 
confined to the Philippines. 

The three specimens from Nasugbu placed under S', hilineatue 
in Fishes of the Herre 1981 Philippine Expedition (1934) 96, 
are really Scdarias fretmtus. 

It. BALABUS EDENTULUS <Btoch A 8ehn«ldcr>. 

Blenniu$ edentulus Bicca & SCHNEnma, Syst. Ich. (1801) 172. 

Salariat edentulus GOntueb, Fische der SUdsee 2 (1877) 206, pi. 117, 

fig. A, showing the female; Jobdan and Seale, Proc. U. S. Nat. 

Mua. 28 (1005) 789; JORDAN and Richardson, Bull. Bur. Fish. 

27 (1908) 284; HtatRE, Joum. Pan Pac. Res. Inst. 8 (1938) 11; 

Pishes Philip. Exped. 1931 (1984) 97. 

Salariat rivulatut JORDAN and Ricbabdsom, Bull. Bur. Fish. 27 (1908) 

m. 

Salariat qaadrieamit GtlNTBEB, Fische der Sildsee 2 (1877) 209, pi. 

117, fig. B, showing the male of $. edentulus. 

Dorsal XIII (rarely XIV) 19 to 21; anal usually I (rarely 
11) , with 20 to 22 rays, exceptionally 23 or 24. A female 66 mm 
long has the depth 8.1, the head 4 times in the length. Eye 8.7, 
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snout 2.86 times in head. A female 84 mm long, ready to spawn, 
has the depth equal to the head, 4 times in the length. Eye 4, 
snout 2.66 times in head. In males 76 to 78 mm long, depth 
equal to head, 4.3 to 4.7 times in length. Eye 3.8 to nearly 4, 
snout 2.3 times in head. 

Both sexes have a simple orbital tentacle, shorter than the 
eye, and a pair of small simple tentacles on the nape; one or 
both of these last are often absent; the front nostril has a very 
small tentacle which is usually divided into 4 filaments. The 
high dorsal fin is deeply divided and is broadly united with the 
caudal fin. The anterior anal rays have more or less elongate 
and swollen tips. 

The sexes are unlike and have been described as different 
species. S. edenttdus of many authors is the female, and S. 
quadricomie is the male. An important male character is the 
presence of a high median occipital crest ; but at Makatea Island, 
one of the Tuamotu Archipelago, I secured females varying from 
those with the typical smooth occiput to some with a moderately 
high crest. 

Typical females are like Gfinther’s figure, cited above, in 
alcohol the brown body is faintly cross-barred by darker bands, 
and thickly strewn with many reddish to dark-brown spots. The 
dorsal, caudal, and pectorals are covered with smaller similar 
spots. Anal with 2 or 3 rows of dark-brown spots, rays with 
white tips. 

Males darker, becoming uniform dark brown, or brown with 
darker crossbars, or black with pale or whitish crossbars or nar- 
row whitish cross lines. The anal has two lengthwise rows or 
lines of bluish spots, which often disappear in alcohol; tips of 
rays white. The forward half of the dorsal has longitudinal, the 
second half diagonal, rows of pale-yellowish or whitish spots and 
lines, which usually disappear in alcohol. There is a diagonal 
dark bar behind the eye, which often disappears. 

This is by far the commonest of all Philippine blennies. Pre- 
served specimens are subject to great variation in color, and 
often all markings entirely disappear. Examination of a large 
series will enable one to place such puzzling specimens. The 
following Philippine specimens were studied, their lengths vary- 
ing from 16 to 106 mm: Cabalian, Leyte, 1 ; Calapan, Mindoro, 
2; Galayan Island, 4; South Coast of Cotabato Province, 1; Du- 
raaguete. Oriental Negros Province, 81; Guindulman, Bohol 
Province, 1; Iba, Zambales Province, 1; Jolo, Sulu Province, 1; 
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Kolambugan, Lanao Province, 1; Nasugbu, Batangas Province, 
46; Odiongan, Tablas, 4; Sitankai, 2. 

I have also examined specimens as follows : Hoihow, Hainan 
Island, 1 specimen, 61 mm long; Pu Taw Island, Chusan Ar- 
chipelago, China, 2, each 42 mm long; Pelew Islands, 3 specimens, 
82 to 65 mm long; Tinian Island, Marianas, 2 specimens, 60 
and 76 mm; Lembeh Strait, Celebes, 6, from 40 to 67 mm; 
Waigui, 8, from 47 to 61 mm long; Lord Howe Island, 2 very 
fine specimens, 61 and 101 mm long; from the New Hebrides, 
25 at Wala Island, 26 to 63 mm long; 4 at Malo Island, 40 to 
61 mm long; and 72 at Hog Harbor, Espiritu Santo Island, 18 
to 80 mm long; from Ovalau Island, Fiji, 4, from 30 to 68 mm 
long; 13 from Pago Pago, Samoa, 28 to 77 mm long, 46 elegant 
specimens from Makatea, Tuamotu Archipelago, 88 to 104 mm 
long; from the Marquesas Islands, 64 taken at Atuona, Hiva Oa 
Island, from 26 to 78 mm long, and 38 from Nuka Hiva Island, 
13 to 84 mm long. I also collected a specimen 46 mm long at 
Mombasa, East Africa. 

U. SALAEUS ZAMBOANGA EyMmaBn and! Stala. 

SalariaB eamhoangte Everhank and Sbaib, Proc. U. S. Nat. Mas. 31 
(1907) 612, flg. 4; HbrrE, Joum. Pan Pac. Bes. Inst. 8 (1938) 11; 
Fishes 1981 Philip. Exped. (1934) 98. 

Dorsal XII or XIII, 20 to 22 ; anal I, 23 or 24, or II, 21 to 24, 
or III, 22. 

Caudal iln equal to depth, 4.76 to 5.26 times in length, head 
4.2 to 4.6 times. Eye 4.26 to 4.3, snout 3 times in head. 

Body slender, compressed, head rounded, with vertical ante- 
rior profile, eyes prominent, projecting upward and outward. 
Males with a medium-sized to large crest on midline of head: 
orbital tentacle usually with a white tip and white-tipped mar- 
ginal filaments, equal to or longer than eye ; nasal tentacle small, 
bifid or trifld; no tentacles on nape, no canines in lower jaw. 
Females without skinny crest on head. Dorsal fin of moderate 
height, not very deeply incised, attached to caudal, its last rays 
projecting to middle of caudal when depressed. 

Alcoholic specimens whitish or bluish-brown to light brown, 
with 7 brown double crossbars over back and down sides, and 
usually two rows of small, round, brown spots or dots on lower 
part of posterior part of body. First dorsal marked by wavy 
longitudinal or downward curving dark lines, often with a 
blackish spot at top between first and second and second and 
tilird spines; posterior part marked by several diagonal rows 
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of dark spots, often with a dear band along middle; there may 
be a dark submarginal band, made up of line dark lines; dorsal, 
caudal, and anal all white-margined. Anal with a dusky sub- 
marginal band, rest of fin colorless to brown ; caudal barred by 
several rows of dark-brown spots. 

Specimens have been examined as follows: Five from Na- 
sugbu, Batangas Province, 38 to 54 mm long; 8 from Galapan, 
Mindoro, 44 to 47 mm long; 2 specimens from Bais, Oriental 
Negros Province, 63 mm long; 39 from Dumaguete, Oriental 
Negros Province, 23 to 63 mm long; a female specimen, from 
Lembeh Strait, Celebes, 67 mm long. Originally described from 
3 specimens, 61 to 69 mm long, taken at Zamboanga Province. 

II. eai.*mAB FRENATUB CmtIm •»< VsImicImum. 

ScUarias frenatus Cinrnai and Vaibnciknnss, Hist. Nat. Poiss. 11 
(1886) 842; GVtmnm, Cat. Fishes 3 (1861) 246; Day, Fishes of 
India (1878-1888) 336, pi. 70, Og:. 9; Savyage, Poissons do Mada- 
gascar (1891) 388, pL 41i4, Og. 5. 

SalartM biUneattis Herre, Fishes 1931 Philip. Exped. (1984) 96, pro 
parte; 3 specimens from Nasugbu. 

Dorsal XII or XIII, 16 to 17 ; anal I, 17 to 19 or II, 16 or 17. 

Depth 5.1 to 6.2, head 4.4 to 4.6, caudal 4.26 to 4.4 times in 
length; eye prominent, 8.9 to 4, vertical snout 2.5 to 2.76 times 
in head. Orbital tentacle broad, pointed, equal to eye, with 
fimbriate edges; no tentacle at nape and a very small simple 
tentacle on nostril. Largest specimens with a slight suggestion 
of a nuchal crest. Upper lip denticulated. Some specimens, 
most likely males, have a very small canine in the lower jaw. 
Dorsal deeply incised, free from caudal, anterior portion lower 
than rear hidf. 

Alcoholic specimens varying from slate-blue, crossed by 8 or 
10 darker-blue bands, to bluish or brownish-gray with brown 
or bluish-brown crossbands; dark lines from eye over snout, 
preopercle, opercle, and across under side of head. In life pearly 
blue or white bands with dark margins on head; these bands 
fading to brown like rest of head, leaving their margins as dark 
lines mentioned above. First dorsal clear to dusky, often with 
a blackish spot at top between first and second spines, second 
dorsal with diagonal dark-brown bands; caudal dear to dusky, 
or with ex<m rows of brown spots; anal dear, or with a sub- 
marginal row of brown spots on membranes; pectoral dear 
above, brown on lower half. 
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Thirty-two specimens, 22 to 62 mm long, were taken at Na- 
sogbu, Batangas Province. My specimens agree in all essentials 
with Day’s and Sauvage’s figures. The original description 
erred in saying the dorsal is not divided. Day’s figure was made 
from one of the tjrpes, and, as he states, the second dorsal is 
"separated by a well marked notch.” Both Day and Sauvage 
have improved on the original description, but Sauvage is the 
only one who mentions the crenulated upper lip. 

Salarias crenulatus M. Weber is very close to S. frenatica, but 
I cannot make my specimens agree with either Weber’s descrip- 
tion or figure. Originally described from India, and later from 
Madagascar, this blenny is reported for the first time from the 
Philippines. I do not doubt its occurrence in many other local- 
ities over a large part of the Philippines, but it has been over- 
looked by collectors. . 

14. SaUUUAS MARHORATITB (Bcnnatt). 

BUnrdun marmoratua Bennktt, Zool. Journ. 4 (1828) 35. 

Salariaa marmoratva OuviEit and Valenciennes, Hist. Nat. Poiss. 11 
(1886) 805; Herre, Fishes 1031 Philip. Exped. (1934) 97. 

Dorsal XII or XIII, 14 to 16; anal I or II, 16 or 17. 

Depth 4.8 to 6.2, head 3.8 to 4.3 times in length; broad, some- 
what obliquely truncate caudal equal to head. Eye 3.5 to 4.2, 
snout 2.4 to 2.6 times in head. 

Head broad, with rounded profile and nearly vertical snout; 
eyes projecting, very high up and far forward ; orbital tentacle 
marginally fringed and equal to, or nearly equal to, eye ; a pair 
of very small simple tentacles at nape ; nasal tentacles very short, 
broad, palmately fringed. Upper lip rather coarsely crenulate. 

Alcoholic specimens pale tan to purplish brown, often gray 
or white on upper side, with 6 or 6 dark-brown double cross- 
bands on sides, alternating with an equal number of short dark- 
brown double bars on back; lateral bars may break down into 
spots which often are clustered along the middle of the side; a 
blackish-brown elongate vertical bar or black spot hebind eye, 
a blackish blotch above pectoral base. Head often thickly sprin- 
kled with white or bluish dots, spotted and mottled anteriorly 
and underneath with pearly or bluish. Fins pale, dorsal and 
caudal heavily marked with crossrows of brown to black spots ; 
anal with a submarginal dusky band, tips of rays pale or white. 

I collected 8 specimens, 29 to 88 mm long, at Nasugbu, Batan- 
gas Province, and 3, 27 to 48 mm long, at Dumaguete, Oriental 



362 The Philippine Journal of Science xm 

Negros Province. Specimens were also obtained elsewhere, as 
follows: Waigiu, 1 specimen, 27 mm long; 8 from Nuka Hiva, 
Marquesas Islands, 36 to 66 mm long. I also examined 14 fine 
typical specimens from the Hawaiian Islands, from 60 to 88 
mm long. 

». BALASUS OVTTATUB CbtIm Bad ValmelamM. 

Salariae guttatus CtrriBR and VauencibnnBS, Hist Nat. Poiaa. 11 
(1836) 228; Herrs, Fishea Crane Pacif. Exped. Zodl. Ser. Field 
Mas. Nat. Hiat. 21 (1936) 409. 

SalariaB undeeimaliB JORDAN and SEALE, Proc. U. S. Nat. Mua, 28 
(1905) 800, fig. 18; Hbrrb, Fiahea 1931 Philip. Exped. (1934) 98. 

Dorsal XI or XII, 17 or 18 ; anal I, 18 or 19. 

Body moderately slender, laterally compressed on posterior 
half, anterior profile vertical; eyes very prominent, very high 
up and far forward, projecting beyond contour. Depth 4.4 to 
4.8, head 4 to 4.1, caudal 4.1 to 4.6 times in length. Eye 3 to 
8.2, snout 2.86 to 3 times in head. 

Low dorsal deeply divided, not attached to caudal fin. Small 
simple tentacles present on eye, nape, and nostril. Head with- 
out crest, lower jaw without canines. 

Alcoholic specimen varying from pale brown to reddish brown, 
with 6 or 7 pale or white double crossbands on .sides of body, 
which are forked on the lower half of trunk; very often they 
break up into white dots on upper part; between them body 
color appears as an equal number of darker bands. On the 
upper half of body numerous short vertical violet to violet-black 
lines and dots, especially on forward half; usually a row of 16 
to 20 black dots just below dorsal fin, often another row of larger 
black dots extending from above pectoral to caudal ba.se, or black 
dots sprinkled sparingly on side. On lower end of pectoral base 
and just in front of it one or two large circular white or very 
pale-brown spots are very characteristic. Sides of head, pec- 
toral base, and lower half of trunk more or less white-spotted. 
On each side of throat a dark purplish spot or ring. Dorsal 
and caudal colorless, cross-barred by rows of brown spots on 
rays; anal more or less dusky marginally, tips of rays much 
paler. 

I have collected and examined the following: 2 from Na- 
sugbu, Batangas Province, 24 and 35 mm long; 4 from Culion, 
29 to 89 mm long; 19 from Bais, Oriental Negros Province, 22 
to 86 mm long; 6 from Dumaguete, Oriental Negros Province, 
26 to 34 mm long; 6 from Punta Flecha, Zamboanga Province, 
21 to 82 mm long; and 18 from Sitankai, 29 to 48 mm long. 
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The Stanford Museum also contains two cotypes of SttUmas wu 
decimalis, 80 and 37 mm long, collected by Dr. Bashford Dean 
at Bais, Oriental Negros Province. Most of the specimens above 
were determined as S. undecimalis, but are unquestionably So- 
lariax guttatus. They agree with typical specimens of S. gwt- 
tatvs which I collected in the New Hebrides. Two faded speci- 
mens from Singapore, 40 and 62 mm long, also belong here. 

For many years this handsome rock skipper was known only 
from two small specimens collected at Vanikolo. It is now 
known from Singapore to Samoa, but is apparently rare every- 
where except in the Philippines. 

The three sets of simple tentacles, the number of fin rays, and 
the presence of the pale spots at the pectoral base, the purple 
spots on the throat, and the black dots along the body separate 
it from our other rock skippers. The figure given by Jordan 
and Seale is excellent. 

tC. BALABIAS ANRITBN6I8 OlntlMr. 

Salaritu aneitensia GhNTHEB, Fische der Sddaee 2 (18T7) 20S, pi. 118, 

fig. A. 

Dorsal XIII, 15 to 17 ; anal II, 16 to 18. 

Depth equal to head, 4.2 to 4.4 times in length. Rounded 
caudal shorter than head, 4.6 times in length. Eye 6.6, snout 
2.S3 times in head. 

Robust, broad anteriorly, posterior two-thirds laterally com- 
pressed; snout rounded, anterior profile steep but not vertical, 
eyes not projecting or conspicuous. Orbital tentacle large, 
pointed, marginally fringed, a trifle longer than an eye diameter ; 
on each side of nape a tiny tentacle, on nostril a short, broad, 
palmately fringed tentacle. A small canine on either side of 
lower jaw. Low dorsal deeply incised, free from caudal fin. 

Alcoholic specimens dark-reddish-plum-colored, becoming paler 
to yellowish underneath, back and sides covered with many black 
dots which pass into lengthwise brown or black stripes on pos- 
terior half. Dorsal, caudal, and pectoral with crossrows of 
dark-brown spots on rays; on dorsal these forming wavy lines 
running upward and backward. Anal with two black longi- 
tudinal stripes, tips of rays pale or white. 

Two fine examples, 88 and 117 mm long, were caught at Puerto 
Galera, Mindoro. They agree with Giinther’s figure in propor- 
tions and markings; as his description was made from a dried 
specimen the tentacles were not observed. 

*4494 1 
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One of the largest rock skippers, reaching a length of more 
than 176 mm. It has hitherto been known only from Aneiteum, 
one of the New Hebrides, Apia, Samoa, and Niuafoou Island. 

IT. BALAJtlAS INTBBBVPTVS 

Salariaa intemiptua Bleeker, Nat. Tijds. Ned. Ind. 3 (1857) 68. 

Dorsal XIII, 19 or 20 ; anal I, 19 or 20. 

In adults depth and caudal approximately equal, 5 to 5.6, head 
4.2 to 4.6 times in length ; in young specimens depth 6.6 to 6.76 
times in standard length; eye 4 to 4.3 times, snout 3.5 times in 
head. Eyes very high up and far forward, interorbital concave ; 
anterior profile vertical or forehead slightly projecting. A small, 
simple, orbital tentacle, and a small bifid or trifid nasal tentacle. 
No crest on head. A minute canine on each side of lower jaw. 
Dorsal deeply notched, not attached to caudal. 

Alcoholic specimens warm reddish brown, with several rows 
of conspicuous short blackish-brown or black longitudinal bars 
and spots; dorsal and caudal clear, with 3 rows of black spots 
on forward part and 4 or 6 rows on hind portion of dorsal, and 
6 or 6 crossrows on caudal. Anal with a row of black spots on 
lower part between rays, a broad submarginal dusky band, and 
a white margin. Large specimens have a blue dot or short bar 
behind the eye, and sometimes one below the eye. 

Forty-eight examples from Nasugbu, Batangas Province, are 
18 to 60 mm long, and 8 from Dumaguete, Oriental Negros 
Province, are 81 to 69 mm long. 

This very handsome rock skipper is found in the East Indies 
and is said to occur as far eastward as Samoa. 

It. SALABIAS FOWLBRI Ham. 

Salarias fowleri Herre, Philip. Joum. Sci. 59 (1936) 364, pi. 2, fig. 7. 

Dorsal XII, 19 or 20; anal II, 20. Minute simple nasal, or- 
bital, and nape tentacles present, or any one or two pairs may 
be absent; no occipital crest, and no canines. 

Depth 6 to 6.2, head 4.8 to 6.1, pectoral 4 to 4.4, ventral 7.76 
to 8 times in length. Eye, snout, and least depth of caudal pe- 
duncle each 8 times in head. Body elongate, compressed, with 
bluntly rounded head, which is broader than deep ; anterior pro- 
file nearly vertical, mouth slightly projecting, maxillary extend- 
ing beneath posterior portion of prominent eye. Dorsal mod- 
erately notched, height 2, that of anal 3 times in head. Dorsal 
and anal free, not extending to caudal. 
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Alcoholic specimens whitish, with seven brown spots along: 
middle of side, each spot containing three or more conspicuous 
black dots; between spots are dots and specks, and along lower 
side a row of prominent black dots; rather faint brown dorsal 
bands composed of minute dots opposite lateral spots ; head and 
upper anterior half more or less covered with minute brown 
specks. Three or four rows of black dots on dorsal rays, inter- 
vening portions white, membrane clear; nine or ten black dots 
beneath anal, which is clear with a black submarginal band and 
a white margfin; caudal with four crossbars. 

Described from the type, 31 mm long, and 9 paratypes, 16 to 
28 mm long, taken from a tide pool at Dumaguete, Oriental 
Negros Province. On my last visit to Dumaguete another spec- 
imen, 27 mm long, was taken. 

Named for Henry W. Fowler, who has made large contribu- 
tions to our knowledge of Philippine fishes. 

It. BALAKUS DBANI Jordan and Boolo. 

SalariM deani Jordan and Seai.k, Proc. U. S. Nat. Mus. 28 (1906) 
799, fig. 17; HtaiRE, Fishe.s 1931 Philip. Exped. (1934) 97. 

Dorsal XIII, 19 or 20 ; anal I, 19 to 21. 

Body elongate, depth varying with age, feeding, and sex; in 
most specimens from 49 to 66 mm long depth 5.3 to 5.6, but a 
specimen 46 mm long and stuffed with food has the depth 6 
times or more in the length ; others about the same length have 
the depth 6 times in length. Eye large, high up and far 
forward, 8| to 3.8, snout 2.7 to 2.9 times in head. Dorsal deeply 
divided, not attached to caudal fin. Orbital tentacle shorter 
than eye, usually pointed and slender, but may be broader with 
fimbriate margins ; nasal tentacle bifid or trifid ; no tentacles on 
nape and no crest on top of head. Anterior profile of head 
vertical or overhanging, angle of mouth behind eye. 

Alcoholic specimens light brown, with 6 or more less evident 
daik-brown double crossbars; these often fading entirely, leav- 
ing only a row of red-brown spots above anal and two to four 
rows of reddish-brown spots on posterior fourth or fifth of body. 
Dorsal and caudal clear, with three or four rows of red-brown 
or very dark-brown spots on dorsal rays, and 4 or 5 crossrows 
on caudal. Anal pale brown, with a large brown spot on lower 
part of every other ray on last half of fin, and a more or less 
evident submarginal dark band; tips of rays white. Pectoral 
colorless, with 3 crossrows of brown dots, or sometimes of brown 
spots. 
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This species was described from a specimen obtained at Bais, 
Oriental Negros Province, by Dr. Bashed Dean. The Stanford 
Museum contains two specimens, 49 and 67 mm long, collected 
with the type by Doctor Dean. In addition I have collected and 
examined 5 specimens from Nasugbu, Batangas Province, 42 to 
49 mm long; 8 from Dumaguete, Oriental Negros Province, 19 
to 46 mm long; 4 from Opon, Mactan Island, 35 to 66 mm long; 
2 from Jolo, 48 and 67 mm long; and 1 from Sitankai, 63 mm 
long. 

Genus LEMBEICHTHYS Herre 
Lemheichihys Hgrre, Philip. Journ. Sci. 59 (1986) 283. 

Dorsal 68 to 70; anal 60 to 66. 

Body elongate, tapering, naked, with caudal separate from 
dorsal and anal; dorsal composed of flexible spines, its origin 
over opercle; origin of anal in anterior portion of body, length 
of anal more than twice that of head and trunk together ; ventrals 
very small, composed of two rays, inserted beneath hind margin 
of opercle, distinctly in advance of pectoral. Head deeper and 
broader than body, without tentacles or barbels, snout blunt, 
mouth inferior; teeth in one row, fixed, different in the two jaws, 
those of the lower jaw with arrowlike tip.s ; a large pair of pos- 
terior canines in lower jaw, as in Petroscirtes. Gill opening 
small, above upper angle of pectoral base. 

Type species, Lembeichthya celebesensis Herre. 

From Pholidichthya Bleeker, to which it is clo.sely related, 
Lembeichthya differs in the dentition, and in having the caudal 
fin entirely free from the other fins. 

LEMBEICHTHYS CELEBESENSIS Bwrc. PUt* 6. 

Lembeichthya eelebeaemia Herre, Philip. Journ. Sci. S9 (1936) 288, 
pi. 1, fig. 3. 

Dorsal 68 to 70; anal 50 to 65; caudal with 11 rays plus 2 
accessory rays on both upper and lower margins. 

Depth 16.7, head 7.86 to 8.46, caudal 11, pectoral 12.2 to 12.5 
times in length; head and trunk together 2.4 to 2.9 times in 
tail, which is 70 to 74.6 per cent of the total. 

Head broader and deeper than trunk or tail, with a broad, 
blunt, projecting snout; eye S.33 to 8.6, snout 4.1 to 5.4 times 
in head; interorbital equal to eye; mouth inferior and rather 
large, extending beneath anterior portion of pupil ; 20 or 22 flat 
incisorlike teeth in upper jaw, end tooth on each aide pointed 
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and a little larger than the others ; 22 teeth in lower jaw, their 
tips shaped like arrowheads; the two large curved canines in 
length equal to diameter of pupil. 

First few dorsal spines low, those following highest, 2i in 
head, most of fin of nearly uniform height; anal 3.6 times 
in head. Pectoral pointed; caudal of one specimen forked but 
damaged; the other nearly truncate; the minute ventral is 7 
times in head. , 

Alcoholic specimens pale tan, lower half sprinkled with red- 
dish-brown specks, and with more or less silvery sheen on sides 
of head, trunk, tail, and yellow belly; five dark-brown spots on 
dorsal region beneath dorsal, first above anal origin ; snout dusky, 
area between eyes and dorsal origin dark brown. Dorsal and 
anal pinkish brown, densely dotted with dark-brown specks, and 
with a black margin. Caudal with a large red-brown basal spot, 
rest of fin white ; pectorals and ventrals also white. 

Here described from the type and paratype, both 65 mm long, 
collected at Lembeh Strait, Celebes. The type is much bulkier 
than the paratype and has a longer head and trunk. 

This singular blenny is included here because the type locality 
is so close to both Davao and the Sibutu Islands. Experience 
has shown that we may expect the marine fishes of the north 
end of Celebes to occur also in the Philippines as far north as 
Dumaguete, Cebu, and Samar. Probably a pelagic blenny, 
caught while fishing with an electric light. I do not doubt its 
occurrence in Philippine waters. 

XIPHASIID^ 

A family of eellike, naked blennies with the tail greatly elon- 
gated, and laterally compressed, and very long dorsal and anal, 
confluent with the caudal fin. Head short, eyes very large, 
lateral; teeth of uniform size, close together, with a pair of 
enormous posterior canines in lower jaw; behind these in upper 
jaw a pair of much smaller canines. Ventrals on throat, before 
gill opening, composed of three elongated and filamentous rays. 

Strange looking and little-known fishes, perhaps of but a single 
wide-ranging species in the tropical Pacific and Indian Oceans. 
Several species have been described, and it is possible that two 
or three are valid. They are pelagic or semipelagic, occurring 
also on reefs off shore or in deep channels. The extraordinary 
canines of these fishes have excited considerable curiosity. 
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Genas XIPHA.SIA Ssratason 
Xiphatia Swainson. Nat. Hist 2 (1839) 2S9. 

Tail four to six times as long as head and trunk together, or 
even longer, and much compressed laterally, especially poste- 
riorly : head and trunk more rounded, but also compressed, the 
whole body very low. Fin rays all flexible, dorsal origin over 
or before eyes. Gill openings small, restricted, before upper 
end of pectoral base and above. Branchiostegals 6. 

XIPBASU BETO'ER SwaiiiMii. 

Xiphavia eetifer Swainson, Nat. Hist 2 (1938) 269; Day, Fishes of 
India (1878-1888) 837, pi. 73, fig. 1; Tanaka, Journ. Coll. Sci. 
Imp. Univ. Tokyo Art. 7 23 (1908) 49, pi. 4, fig. 1; Herre, Philip. 
Journ. Sci. 31 (1926) 224, text hg. 1 and pi. 1. 

Dorsal 12S to 126; anal 110 to 114. 

Depth 33 to 36 times in length, greatest depth at back end 
of head and immediately behind it; Tanaka gives the depth as 
88 to 47.5, but evidently measured the depth farther back. Body 
very elongate, eellike, laterally compressed on tail especially, 
which becomes ribbonlike and forms from 82 to 86 per cent of 
the total length. Head large, nearly as long as trunk, boldly 
convex anteriorly, 13 to 15 times in length, trunk 12 to 12.75 in 
length. Eye rather large, circular, 3.8 to 4.3 times in head. 
Dorsal beginning on interorbital before eyes. Caudal with the 
two central rays greatly elongated and hairlike, about 10 times 
in length. 

In life bright yellow, or sometimes grayish yellow, with 28 
broad dusky-brown crosabands on dorsal and body, first cross- 
band just behind head; dorsal and anal yellow, with broad mar- 
ginal dusky band, or dorsal largely dusky ; ventrals and pectorals 
yellow, the latter with longitudinal flesh-colored lines. 

In alcoholic specimens the yellow fades, and the fins become 
largely brown or blackish, with the body crossed by vague, wide, 
pale, and blackish bars. 

I have seen but one Philippine specimen, 508 mm long, obtained 
by Dr. J. W. Chapman, of Silliman University, Dumaguete. In 
addition 1 have collected 2 specimens, 195 and 212 mm long, at 
Lembeh Strait, Celebes, and have examined a specimen 870 mm 
long from Sagami Sea, Japan. This fish reaches a length of 
two-thirds of a meter, and occurs from Natal, South Africa, to 
Japan, and eastward in the Pacific to the New Hebrides. 
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CONGROGADID^ 

Ventral fins absent, except in one form which has them ju- 
gular, and reduced to one or two filamentous rays. Body elon- 
gate, compressed, covered with very small scales, vertical fins 
united or caudal free. Gill membranes may be united and free 
from isthmus, or may be joined to it. Mouth protractile, with 
strongly developed lips ; jaws with a single row of small conical 
or compressed teeth. 

The family comprises reef fishes of shallow coastal waters, 
distributed from the Red Seas to the Philippines and Australia. 
The species are few, divided among 6 genera. They are rarely 
eaten, and are of no commercial value. 

Key to the Philippine genera of Congrogadidm. 


a *. No spine in front of dorsal origin Congrogadue. 

a ‘.A small sharp spine in front of dorsal origin Congrogadoidet. 


Genus CONGROGADUS GUnther 

Congrogadue GUntheb, Cat. Fishes 4 (1862) 388. 

Body compressed, elongate, eellike, covered with very small 
scales ; dorsal and anal both long and united with caudal. Gill 
openings rather wide, gill membranes united and forming a free 
fold across isthmus. Mouth wide, with a projecting and prom- 
inent lower jaw. Four gills, with a slit behind fourth; pseudo- 
branchiffi well-developed. Air bladder and pyloric appendages 
lacking. Vent far from head. 

CONQBOOADUS SUBDUCENS dUclurdMii). 

Maeharium eubducens Richarosok, Ann. & Mag. Nat. Hist. 12 (1843) 
176, pi. 6; Voy. Erebus & Terror Fishes (1844-1848) 72, pi. 44, 
figs. 1—6. 

Congrogadue eubducens GUntheb, Cat. Fishes 4 (1862) 388; Joboan 
and Richardson, Bull. Bur. Fisheries 27 (1908) 286; Herbe, Fishes 
1931 Philip. Exped. (1934) 100. 

Maeheerium nebulatum Bleeker, Nat. Tijds. Ned. Ind. 3 (1862) 76. 

This fish is known as batad at Cuyo. 

Dorsal 71 to 76 ; anal 60 to 65. Scales in a longitudinal series 
246 to 260 ; from about 35 to 40 teeth on each side of both upper 
and lower jaws, usually 38 to 40 in adults; lateral line ending 
under tenth to twelfth dorsal ray and with from 60 to 66 tubules. 

Depth 8.66 to 10, head 6.6 to 6.9 times in length. Eye 6.4 
to 6.7 times in head, and 1.7 to 2 times in snout. Maxillary 
extending to hind margin of eye or beyond, 2.1 to 2.2 times in 
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head; snout pointed, 3.33 to 3.8, pectoral 2.75 to 2.86 times in 
head. 

Body elongate, strongly compressed, head sloping forward, 
snout keeled and steeply descending, lower jaw strongly project- 
ing. Greatest depth may be about middle of trunk, but is usually 
back on tail, at least a head length behind vent. Angle of mouth 
beneath anterior part or middle of eye. 

In life color highly variable. Specimens taken at the same 
time and place may be grass green, maroon, brownish red, dark 
brown, to pale yellowish; the color may be almost uniform, but 
is usually irregularly spotted with darker spots of various sizes, 
and sprinkled with pearly spots which may form reticulations 
and crossbands ; under side of head and trunk usually much paler, 
with large pearl-colored or red spots on head, throat, and belly. 
Dorsal and anal with membranes uniformly dark, or one to 
several rows of dark spots on membrane ; sometimes conspicuous 
dark spots along base of vertical Ana. A dark spot often present 
on opercle ; it may be a dehnite ocellus, but is often absent. 

Alcoholic specimens usually darkening, green, red, and maroon 
disappearing; pearly spots and markings disappearing or else 
turning white, and specimens tending to become more uniform 
brown, yellowish, or dusky, and dull in color. The dorsal and 
anal may have a .very narrow white or pale margin. Very 
young specimens are uniformly very pale yellowish, without 
markings, fins colorless. 

I have examined many living and fresh specimens, out of 
which the following were kept for further study : Seven from 
Culion, 295 to 406 mm long; 1 from Estancia, Panay, 120 mm 
long; 1 from Dumaguete, Oriental Negros Province, 276 mm 
long; 1 from Jolo, 345 mm long; 2 from Sibutu, 108 and 118 
mm long; 12 from Sitankai, 43 to 330 mm long; 3 from San- 
dakan, British North Borneo, 204 to 268 mm long. The Stan- 
ford Museum also contains 3 from Cuyo, 176 to 216 mm long, 
and 1 from Bantayan Island, 280 mm long. The smallest Culion 
specimen is a spawning female, full of eggs. 

I place here also 22 specimens taken on a reef in Singapore 
Heritor, their lengths varying from 42 to 331 mm. Most of 
them have a more or less definite ocellus on the opercle. Several 
of those from 266 to 320 mm long have but 28 to 30 teeth on 
each side of upper and lower jaw, while others agreeing in all 
other respects have 36, 38, 40, and up to 44 teeth. Some of 
these large specimens also have only about 230 scales in a longi- 
tudinal series. These large Singapore specimens have the depth 
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9 to a little more than 10 times, the head 6.7 to 7.45 times in 
length; the eye is 6 to 6.66 times in the head and 1.66 to 1.9 
times in the snout, which is 3.5 to 3.6 times in the head. 

This fish is of wide occurrence in the Philippines, from Luzon 
southward, and is especially abimdant on reefs in the Sulu Sea 
and the South China Sea. It is found southward and eastward 
through the East Indies to northern and western Australia. It 
reaches a length of half a meter, or perhaps a little more. Al- 
though it is plentiful around rocks on shallow reefs, and is easily 
taken, it is very seldom eaten, and is not sought by fishermen. 

This species not only undergoes considerable change with age, 
but is also subject to a large amount of variation among indi- 
viduals of the same size. The number of teeth has been taken 
as a character of specific worth, but examination of numerous 
individuals shows that the teeth vary widely. The very young 
apparently have no more than 25 teeth on upper and lower jaw. 
With advancing age this number increases to 30 or more, but 
some large individuals seem never to have more than 30. The 
usual number in adults is 38 to 40, with no teeth at the front 
end of the jaws, the space there being vacant in most specimens. 
Where teeth develop clear to the tip of the jaw the number la 
44. Very young specimens differ from the proportiops given 
above. The measurements and proportions used here are for 
specimens over 200 mm long. 

Bleeker described Machwrium nebulatum from a single speci- 
men, 370 mm long, taken at Singapore. I can find no characters 
sufficient to warrant its separation as a distinct species. 

Genus CONGROGADOIDES Borodin 
Congrogadoidca Borodin, Copeia No. 3 (October 16, 1933) 141. 

This genus, probably of only subgeneric value, differs from 
Congrogadm in having a single small, hard, sharp spine before 
dorsal origin. There are two species, one from the Philippines, 
and one known only from a single small specimen from Australia. 

CONemOADOmBS HIBRICHTBTS Uoman knd BlebudMii). 

Congrogadm hierichthyB Jordan and Richardson, Bull. Bur. Fisheries 
27 (December 16, 1908 ) 285, fig. 11; Herre, Fishes 1031 Philip. 
Exped. (1934) 100. 

Dorsal I, 55 to 59; anal 46 to 49; 30 to 33 tubules in lateral 
line, 160 to 180 scales in a longitudinal series. 

D^th 7.6 to 8.2, head 6.1 to 6.6 times in length; eye 6 to 
6.83, snout 8.2 to 8.46 times in head, 1.77 to 1.97 times in snout. 
Usually from 27 to 30 teeth on each side of each jaw, but one 
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specimen has only 20 teeth. Around eyes, on top of head, and 
on upper margins of opercle and preopercle conspicuous pores 
with tumid blackish lips. 

The form is like that of Congrogadns siibdticens, to which this 
species bears a strong resemblance. 

In life dark red-brown or dark brown, with sometimes more 
or less green on head, under parts paler; sides sprinkled with 
more or less evident irregular pearly or whitish spots and short 
vertical bars. On opercle a conspicuous very dark-red or black- 
ish ocellus with a narrow yellow margin. Dorsal, anal, and 
caudal brown, variegated with darker-brown spots arranged in 
bands. 

Alcoholic specimens dark brown or red-brown, with a more 
or leas evident black stripe across snout, eye, and preopercle to 
conspicuous blackish pale-margined ocellus on opercle; sides 
more or less irregularly spotted with white or pale decks and 
short bars. Fins dusky, or dorsal and anal pale with 2 or 4 
rows of dark spots on membranes. 

The type, 106 mm long, collected at Cuyo, Palawan, is in the 
Stanford Museum. In addition I have collected and examined a 
specimen 64 mm long at Dumaguete, Oriental Negros Province ; 
6. 97 to 123 mm long, from Jolo; and 8 at Sitankai. 71 to 123 
mm long. 

This dsh is called tamayo at Cuyo. 
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Plate 1 

Enchclyurus cserulo-punctatus sp. nov. 

Plate 2 

Petro8cirtc8 cullosoma Bleeker. 

Plate 3 

Petroscirtes ferox ap. nov. 

Plate 4 

Petroscirtea ferox sp. nov., enlarged, to show teeth. 


Plate 5 

Lembeichthya celebeaenaia sp. nov. 
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VERTICAL DISTRIBUTION OF OYSTER SPAT IN 
BACOOR BAY, CAVITE PROVINCE 


By DoHiciAHO K. Yuxaluz 

Of the Division of Fisheries, Department of AgiHculturo and Commerce 

Manila 

TWO PLATES AND EIGHT TEXT riGURES 

This work is undertaken to determine the depths of the water 
where oyster larvae are available in abundance for purposes of 
finding the best methods of collecting spats and to further the 
development and exploitation of other oyster grounds in the 
Philippines. 

Studies of this nature were done by Nelson (2, 3, 4) and Per- 
kins (8) on oyster larvae in Barnegat Bay. These workers found 
that oyster larvae rise with the flood tide and sink to the bottom 
during the ebb. They also found that the older stages of larvae 
usually move upstream and away from the sea. Their explana- 
tion was that during flood tide water of high specific gravity 
remains along the bottom while water of lower density rises, 
and a transition zone called the “salicline" or “halicline” forms 
between these two regions. According to these authors, larvae 
of oysters or other bivalves, as well as snails, are numerous in 
the region of the ‘halicline.” They explained further that during 
the ebb tide, especially in rough weather, the surface and bottom 
water mixes. As the larvae keep close to the bottom and those 
of the setting size drop to the bottom, they are not carried 
seawards. 

PrytherchO) made an investigation on oyster larvae in Milford 
Harbor, Connecticut. He found that setting was intense 1 foot 
above the low-water mark and 1 foot below it, gradually de- 
creasing up to 2 feet above this mark, while directly on the 
bottom setting was very heavy. The reason given is that at low 
slack water, when setting takes place, the region of least current 
velocity is at the surface and does not extend to the bottom. 
Orton, (7) on the other hand, maintains that oyster larv» are 
at the mercy of tidal currents and that their vertical migration 
is controlled in a measure by the power of the larv» to swim or 
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to atop swimming at certain levels in the sea. He holds the 
opinion that oyster larvae of all species behave similarly, and 
that they tend to fall to the bottom in still water in both flood 
tide and ebb. 

The above workers agree that oyster larv» at their setting 
stage reach the bottom in the process of their development and 
that they are present in varying quantities at different levels 
of the sea. Since the above conclusions are based on microscop- 
ical survey of the water samples taken at different regions of 
the sea for the presence of oyster larvm in the plankton, the 
present writer decided to investigate the same problem in a dif- 
ferent manner. 

If the behavior of oyster larv» is the same in all species of 
oysters; that is, if they tend to drop to the bottom once they 
reach the setting stage, more spats can be expected to set among 
the cultch placed at the bottom than elsewhere. The results of 
this investigation, however, do not bear out this expectation. 

IIATERULS AND METHODS 

Long collectors (Plate 1, fig. 1) as deep as the oyster beds 
(average low-water ttaark, 5 feet) were used. They were made 
up of pieces of No. 12 galvanized-iron wire 164 centimeters long 
and threaded with eleven old oyster shells of about uniform size, 
placed at intervals of 14 centimeters. Only clean oyster shells 
were used and carefully threaded onto the wire, with the smooth 
surface downward. The interval of 14 centimeters was main- 
tained on the collectors with the use of a looping device (Plate 1, 
fig. 2) made of a piece of wood 1.5 by 4 inches by 7 feet with 
11 ordinary nails 6 inches long placed at intervals of 14 cen- 
timeters. One end of the wire was looped around the eleventh 
nail before a shell collector was inserted. A second loop was 
made around the tenth nail and then a second shell collector was 
inserted. This process of looping the wire and inserting the 
shells was done alternately up to the first nail. 

In this investigation a total of 44 long collectors were utilized. 
Two sets of 2 collectors each were placed in the Division of Fishe- 
ries oyster farm, at Binakayan, June 27 and July 5, 1938, 
respectively. September 1, 1938, 40 long collectors were dis- 
tributed and set in the following regions in Bacoor Bay; 4 col- 
lectors among the oyster beds of Mabolo, Bacoor; 6 collectors 
among the oyster beds at the mouth of Bacoor River; 8 collectors 
among the oyster beds of Kawit; 4 collectors among the oyster 
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beds of Noveleta ; 12 collectors in the Division of Fisheries oyster 
farm ; 7 collectors among the oyster beds of Dalahican. All of 
these collectors were carefully set so that the last shell collectors 
touched the bottom. 

Some collectors were examined for oyster spat after 21 days, 
and others after more than 3 months from the date of setting. 
A longer period of time was necessary before counting the spat, 
so that they could be seen easily with the naked eyes. Collectors 
hauled out of the water for examination were allowed to dry 
before the spat were counted. 

RESULTS AND OBSERVATIONS 

Collectors set in the Division of Fisheries oyster farm . — ^There 
were 16 collectors placed in the Division of Fisheries oyster farm 
bed. Two of these were set June 27 and another two July 5, 
1988. These 4 collectors were removed from the water August 
17, 1938, and the spat counted. The other 12 collectors were 
set September 1 and the spat counted November 16, 1938. 
Table 1 shows string collectors 1 to 4 and 21 to 32, with the 
corresponding number of spat caught on each shell collector. 
The first set of 2 string collectors is indicated in Table 2 as 
series 1, the second set of the same number of string collectors 
as series 2, and the third set of 12 string collectors as series 6. 
In all of these series, the sixth shell collector, placed 84 centi- 
meters below the surface of the water, caught the most spat, 
70, 81, and 147, respectively. The great difference between 
the average number of spat caught on shell collectors in series 
1 and 2 and those of series 6 does not mean that the period 
between September 1 and November 16, 1938, when string col- 
lectors of series 6 was set, was a season of heavy setting of spat. 
Considering the number of string collectors included in series 1, 
2, and 6, and taking the average number of spat caught on 
each shell collector at different fixed depths, series 6, which 
include 12 string collectors, will naturally exceed series 1 and 2, 
each composed of only 2 string collectors, in the average number 
of spat caught on each shell collector. On the other hand, the 
period between June 27 and August 17, 1938, when string col- 
lectors of series 1 and 2 were set, was a heax^y setting season 
of spat, as indicated in Table 2. The average number of spat 
caught on the ninth shell collectors placed at 126 centimeters 
from the surface of the water, was 137 spat for all 44 string 
collectors. Out of this number 81 spat were caught on the 
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ninth shell collectors of series 1 and 2, and only 2 spat were 
caught on the ninth shell collectors of series 6. Text figs. 1, 2. 
and 8 show that the tenth and eleventh shell coUectors placed 
at depths of 140 and 164 centimeters, respectively, are without 



■ ■■■II 

■ ■■■II 

■ ■■■II 

■ IV^II 

■ mil 


iiiiiiii 


iiiiiiii 


0 14 JtMZ S6 70 84 96 112 (66 MO 
in ccnfiMilfrt 


Fm. 1. Avtmg* DViBlMr at spat emuafkt oa fra, t. ' ATmrt number of ipat oauirbt on 
■hell eoUeeton set from June 17 to Annuft ih«i] ooUectom set from July $ to Amrust 17, 

17. 19S8. in the Divieion of Fieberieo orator IMI. in the Dlvtolon of Fiaheriei oyater 

fhrro. farm. 







































ViUalnz: DistribuHon of Oyster Spat 


881 


l•,4 


spat. This is also true in the case of the other string collectors 
8^ in the different regions of Baeoor Bay. This result may be 
due to ^ muddy condition of the bottmn of oyster beds in the 
entire Bay, where the mud is about 2 feet deep and not compact. 


A slight movement of water, 
caused by waves and current, 
stirs the surface of the muddy 
bottom so that the layer of 
water along the surface be- 
comes silty, and silt seems to 
have a deleterious effect on 
the life of oyster spat. Even 
mature oysters raised by the 
hanging method of oyster cul- 
ture die whenever they drop 
to the muddy bottom. When 
some of those still alive were 
examined, much silt was 
found adhering along the 
sides of the mantle cavity and 
among the gill filaments. 

CoUeetore set among the 
oyster beds in Mdbolo, Ba- 
eoor. — ^Four string collectors 
were set in this place Septem- 
ber 1 and examined for oyster 
spat September 21, 1938. 

Table 1 shows string collec- 
tors 6, 6, 7, and 8 together 
witii the number of spat 
caught on the individual shell 
collectors. This set of string 
collectors is indicated as series 
8, and Table 2 gives the aver- 
age number of spat caught 
on shell collectors at fixed dis- 



Fra. 8. Av«r««« nambcr of opat ociurHt on 
■hell ooBtoton g«t from Septombor 1 to 


tances from the surface of 
the water. Only 189 spat 


Novombor 1MB, in tho XHviglon of 
Fiihorftoi ojrttor farm. 


were caught on these collectors, due probably to the shorter 


period of time these collectors had stayed under water as com- 
pared with that of the other collectors. Moreover, the oyster 
beds found along the shore of the town of Baeoor are not as 
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productive and conducive to the develcqiment and growth of spat 
aa those found along the shores of Binakayan, Kawit, Noveleta, 
and Dalahican. The bottom of oyster be^ along the shore of 
I [ [ I I I I — I — j the town of Bacoor is con- 

K Btantly disturbed as a result 

jj of the daily gathering of shells 

^6 I- jj which are used in the manu- 

J '°~. I j| “ facture of lime. 

I 1 1 1 I I I 1 I Cotteetore among the 
0 W 28 « « ro M « Ot E$ Wfl h oyster beda in Noveleta.-— 

I 1 Four string collectors were 

Z in Novelets September 1 

U. ISaS. In Hnliolo. Smoot. Cavite Province. SOd the Spat COUntod October 


’Zun Z in Novelets September 1 

U. ISaS. In Habolo. Baaoor. Cavite Province. SOd the Spat COUntod October 

18, 1988. Table 1 shows string collectors 17 to 20 together with 
the number of spat caught on each shell collector. In Table 2 
this set of collectors is indicated as series 6. It will be noticed 

that numerous spat were 
found on the eighth shell col- 
lectors placed at a depth of 
112 centimeters from the sur- 
face of the water. Text fig. 
5 shows the average number 
of spat caught on shell collec- 
tors set in this region of Ba- 
coor Bay. At depths of from 
42 to 70 centimeters from 
the surface there was a very 
slight decrease in the number 
of spat caught, while a sud- 
den increase was attained at 
from 84 to 112 centimeters 
from the surface of the water. 

CoUectora set among the 
oyster beds in Dalaihican.--Se- 
ven string collectcms were set 
in Dalahican September 1, and 
the spat counted December 12, 
19S8. Table 1 shows collec- 
tors 88 to 44, togeiher with 
0 14 28 4t a t *8 14 8S ut OB I48IA the Spat cauidit on each shell 

IMtriiTctwltwtfo* J collector. These ccdlectors are 

FiOv e. Avmgrn mtmbmf of Hwt oniigiit on indicitt6d in Tabte 2 AS SAtiSS 

sr.ST'sjj: r. pi*. 7 ti»t .p.t 


FiOv 6. ATonuM munbor of mt oouglit on 
ghtU coUoetoro Mt frotn Soptembor I to 
Octobor 18* IMS* in Knwit, OovHo Frorinoo. 
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were almost evenly distribut- 
ed at depths of from 14 to 
112 centimeters from the sur- 
face, except at the regrion of 
the sixth shell collector at 
a depth of S4 centimeters 
where the average number of 
spat was only 37. Spat were 
absent at depths of from 140 
to 154 centimeters from the 
surface of the water. 

CbUectors set at the mouth 
of Baeoor River. — ^Five string 
collectors were set at the 
mouth of Baeoor River No- 
vember 17 and the spat count- 
ed December 12, 1938. Ta- 
ble 1 shows collectors 83 to 
87. Only string collectors 84 
and 87 were able to catch 



Fio. 8. Vertioal dihtrlbutlon of tpat in 
Baeoor Bay. 
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one spat each on shell collectors 8 and 4, respeetivdbr, doe 
probably to the occurrence of heavy rainfall during the pe- 
riod covered by the experiment, which may have caused ^ 
water at the mouth of the river to become fresh and unsnitaUe 
for the life of oyster spat. Also, the mouth of Bacoor River 
has a heavy deposit of sand and mud which caused the water to 
become sil^. Nelson (8) has shown that oyster larvte, while in 
muddy water, fill the digestive tract with dirt instead of with 
their ordinary food. He also observed that oyster larvse in the 
laboratory fsd with fine suspension of mud die within a day or 
two, white larvae placed in clear sea water are able to live for 
10 days. 

DISCUSSION OF BXSULTS 

The average number of spat caught on string collectors in 
Bacoor Bay is given in Table 3. The 16 string collectors set 
in the Division of Fisheries oyster farm at Binakayan caught 
the greatest number of spat, 96 being the average number 
caught on each string collector. The 4 string collectors set 
among the oyster beds in Novelets ranked second, with 72 as 
the average number of spat caught on each shell collector. The 
collectors set among the oyster beds in Kawit, Dalahican, and 
Mabolo, ranked third, fourth, and fifth, respectively, with 62, 60, 
and 34 spat, respectively, to each string collector. The 5 string 
collectors set at the mouth of Bacoor River caught only 2 spat. 


Tabus S . — Average number of epat caught on etrmg eoUeetore in 

Bacoor Bag. 
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Text fig. 8 presents the vertical distribution of oyster spat 
in Bacoor Bay, at fixed depths from the surface of the water 
to the bottom. It will be seen that spat are available in abund- 
ance at depths of from 42 to 112 centimeters from the surface 
of the water. The greatest intensity of setting is obtained at 
84 centimeters from the surface of the water. The figure also 
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shows the presence of a considerable number of spat at a depth 
of 28 centimeters from the surface of the water, whereas In 
about the same place they are totally absent at the same distance 
from the bottom. 


SUMMARY AND CONCLUSIONS 

1. Oyster spat are available at depths ranging from 14 to 
126 centimeter from the surface of the water. They are abun- 
dantly present at a depth of 84 centimeters from the surface, 
while at depths ranging from 140 to 154 centimeters they are 
totally absent in the oyster beds In Bacoor Bay. 

2. To catch the maximum number of spats in Bacoor Bay it 
is necessary that all string collectors be not less than 112 centi- 
meters long from the surface of the water. 
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ILLUSTRATIONS 

Plats 1 

Pio. 1. Spat collectors, 154 centimeters long. 

2. A piece of wood with nails for making loops between shell collectors. 

Plats 2 

Bunches of oyster seeds, 3 months and 19 days old, from the Division of 
Fisheries oyster farm, Binakayan. 

TBXT nouRsa 

Fig. 1. Average number of spat caught on shell collectors set from June 27 
to August 17, 1988, in the Division of Fisheries oyster farm. 

2. Average number of spat caught on shell collectors set from July 5 

to August 17, 1988, in the Division of Fisheries oyster farm. 

3. Average number of spat caught on shell collectors set from Sep* 

tember 1 to November 16, 1938, in the Division of Fisheries oyster 
farm. 

4. Average number of spat caught on shell collectors set from Sep- 

tember 1 to 21, 1938, in Mabolo, Bacoor, Cavite Province. 

5. Average number of spat caught on shell collectors set from Sep- 

tember 1 to October 13, 1938, in Kawit, Cavite Province. 

6. Average number of spat caught on shell collectors set from Sep- 

tember 1 to October 18, 1938, in Noveleta, Cavite Province. 

7. Average number of spat caught on shell collectors set from Sep- 

tember 1 to December 12, 1938, in Dalahican, Cavite Province. 

8. Vertical distribution of spat in Bacoor Bay. 
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FOUR NEW PHILIPPINE SPECIES OF FRESH-WATER 
SHRIMPS OP THE GENUS CARIDINA 

B; Ouautmio J. Blanco 

Of the DMtUm of Fiekeriei, Department of Agricviture and Commeree 

ManUa 

TBSn rUTKS 

The description of these apparently new species of shrimps 
Is based upon material collect^ from Laoag River, Laoag, Ilocos 
Norte Province, December 31, 1988, by Mr. Eulogio J, Martinez, 
and from a mountain stream, Helosig, Leyte, 1,500 feet above 
sea level. May 23, 1987, by Messrs. Dioscoro S. Rabor and M. 
Celestino, both of the Division of Fisheries, Bureau of Science. 

Genoa CARIDINA Milne>Edwarde 

Caridina Milnk-Edwabos, Hiatoire Naturelle des Croatacea 2 (1837). 
CABIMMA VaLADOLIDl ap. mt. Plate 1. itt. 1 to I. 

Rostrum straight, saberlike, nearly reaching level of antennal 
scale; upper edge without teeth; lower edge with 6 teeth on 
distal half of its total length; a pair of sete posterior of rostrum 
(Plate 1, ftg. 1). Antennal spine sharp; anteroinferior angle 
of carapace sharp-pointed. Eyes normal. Antennular pedun- 
cle reading beyond tip of spine of antennular peduncle scale; 
basal segment not reaching beyond half of length of rostrum; 
second segment long, twice its width. Antennal scale slender, 
three times as long as broad. Mandible with three spines of 
incisor process and setae (Plate 1, fig. 2). Terminal joint of 
third maxilliped (Plate 1, fig. 8) with eight spines and nu- 
merous setae. Carpus of first perseopod (Plate 1, fig. 4) twice 
as long as distal breadth, excavation at distal end slightly cres- 
cent-shaped. Hairs of mobile and immobile fingers of chela not 
very long. Palm of chela of second peraeopod not similar to that 
Of first; distal end of carpus not excavated (Plate 1, fig. 5). 
Dactylus of third pair (Plate 1, fig. 6) with seven spines; that 
of fifth pair (Plate 1, fig. 7) with 44 spinules. Body robust, 
dorsally rounded, depth of second abdominal somite twice in 
body. Pleopods short and foliaceous. Apex of telson (Plate 1, 
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fig, 8) triangular, with a sharp midpoint, two curved-in externo- 
lateral spines, and seven internolateral unequal spines with sets. 
Uropodial spinules 17 in each. 

Eggs 0.50 mm long, 0.36 wide. 

Type locality . — ^Laoag River, Laoag, Ilocos Norte Province, 
Luzon. 

Live specimens grayish with small specks. Preserved speci- 
mens yellowish. One type specimen, Cat. No. 40, 26 mm from 
tip of rostrum to tip of telson. 

I take pleasure in naming this species after Dr. Deogracias 
V. Villadolid, zoologist of the Division of Fisheries, Department 
of Agriculture and Commerce, , 

Candina viUadolidi is closely related to C. angvlata Bouvier 
with respect to the number of spines of the dactylus of the third 
and fifth pair of perseopods and diameter of eggs. It differs, 
however, from the latter by having 17 uropodial spinules, instead 
of 19 or 20, as in C. angulata. The apex of the telson and the 
basal angle of the uropodial spines of this new species also differ 
greatly from those of C. angulatu. 

CABIDINA LAOAGENSIS (». nvr. Plat* t, tf*. 1 to 8. 

Rostrum short, slightly curved downwards, not reaching third 
segment of antennule; upper border with 12 to 18 teeth; lower 
border with 4 or 6 teeth (Plate 2, fig. 1) . Antennal spines below 
eye orbit sharp-pointed; anteroinferior angle of carapace not 
rounded. Eyes normal, two times as long as broad, ocellus dis- 
tinct (Plate 2, fig. 2) . Antennular peduncle not reaching beyond 
tip of spine of antennal scale; basal segment reaching beyond 
first posterior tooth of lower border of rostrum. Antennal scale 
three times as long as broad. Terminal joints of third maxilli- 
ped not reaching beyond antennular peduncle. Mandible (Plate 
2, fig. 8) with five spines of incisor process and setae. Carpus 
of first pair of perseopods as long as distal breadth; excavation 
at distal end crescent-shaped. Mobile and immobile fingers 
of chela with short hairs (Plate 2, fig. 4). Carpus of second 
pair of perseopods 4.76 times as long as broad (Plate 2, fig. 6) . 
Dactylus of third pair with seven spines and setae (Plate 2, 
fig. 6). Body robust, depth of second abdominal somite twice 
in length of body, Pleopods short, foliaceous. Telson 1.88 
times as long as sixth somite, with three pairs of dorsal spines; 
apex of telson with two pairs of setae, with two small exte^ola- 
teral spines, two pairs of similar spines, and in between two pairs 
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of unequal long setse. Uropodial spinules 20 in each outer 
uropod. 

Eggs 0.43 nun long and 0.29 wide. 

Live specimens blackish with a yellow narrow band on dorsal 
side of body. Preserved specimens dark orange. 

Type, Cat. No. 41, and several cotypes, 20 to 25 mm long from 
tip of rostrum to tip of telson. 

Caridina laoagensis is allied to C. annandalei Kemp and C. 
Issvis Heller with respect to the rostrum which does not reach 
the end of the antennular peduncle or beyond the antennal scale. 
It resembles C. laevis with respect to the excavation at the distal 
end of the carpus of the first pair of per»opods, but differs from 
C. annandalei by having no excavation on the distal end of the 
carpus. C. laoagensis is very distinct, because it has a greater 
number of spinules on its outer uropods, and the apex of its 
telson is not similar to that in other species of the genus. The 
eggs are smaller than those of C. annandelei. 

CAKIDIKA UETTENBIS ip. nov. PUto S. Act. 1 to T. 

Rostrum straight, short, not reaching beyond end of second 
segment of antennular peduncle. Upper border with eight to 
ten teeth; lower border with one or no teeth. Antennal spine 
sharp-pointed; anteroinferior angle of carapace not rounded 
(Plate 3, fig. 1). Breadth of cornea 1.75 dorsal length of eye; 
ocellus distinct. Antennular peduncle not reaching beyond tip 
of spine of antennal scale. End of basal segment of antennular 
peduncle reaching beyond last posterior of the upper edge of ros- 
trum. Second segment of antennular peduncle 2.88 times as 
long as broad. Terminal joint of third maxilliped (Plate 3, 
fig. 2) with four spines and setse. Carpus of first perseopod 
(Plate 8, fig. 3) twice as long as distal breadth; no excavation 
on distal end. Hairs of mobile and immobile fingers short. 
Carpus of second perseopod (Plate 3, fig. 4) about five times as 
long as wide ; distal end of carpus not excavated. Dactylus of 
third with four spines and setse (Plate 3, fig. 6) . Body slightly 
compressed, sixth somite twice as long as wide. Pleopods long, 
foliaceous. Apex of telson triangular, with two small extemo- 
lateral spines and four pairs of internolateral spines, six of which 
are equal in length, the two extremes longer than the inner four. 
Urop^al spinules 14. 

Type locality — Helosig, Leyte. 
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Type, Cat. No. 42, and cotype, both 7 mm long from tip of 
rostrum to tip of telson. 

Caridina leytensia is closely related to C. kUimae Hilsendorf 
in the shape of the rostrum, but differs by havintr a greater 
number of spinules of the outer uropods, and in the shape of 
the apex of its telson. 

CAKIDINA CBLBSTINOI ip. nor. Plato (. Saa. * to If. 

Rostrum short, not reaching beyond end of basal segment of 
antennular peduncle; upper edge with one tooth; lower edge 
without teeth but with a pair of sete. Antennal spine acutely 
pointed, anteroinferior angle also acutely pointed. Eyes 1.75 
times as long as broad, ocellus well-marked. Antennular pedun- 
cle (Plate 8, fig. 8), reaching tip of lamella of antennal scale. 
Dorsal and ventral ends of basal segment and second segment 
with spinules and setae. Second segment of antennular peduncle 
1.75 times as long as wide dorsally. Terminal joint of third 
maxillipeds reaching beyond tips of antennal scale and anten- 
nular peduncle. Carpus of first perseopod (Plate 3, fig. 9) 2.76 
times as long as distal breadth; no excavation of distal end. 
Telson with two pairs of dorsal spines as long as sixth somite 
dorsally. Mountain stream, Helosig, Leyte. 

Preserved specimen dark yellowish. 

Type, Cat. No. 48, 4 mm long. 

Caridina eelestinoi is very distinct from other known species 
in the character of its rostrum, which has one tooth at the middle 
of the upper edge and a pair of long setse on the lower edge. 

I take pleasure in naming this dwarf shrimp after Mr. Manud 
Celestino, one of the collectors of the specimens. 
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ILLUSTRATIONS 


fSAll drawinctt wmrm made hy Guillermo J. Blaueo. with the aid of a camera luoida.l 

Plate 1. Caridina villadoudi sp. nov. 

FiO. i. Lateral view of rostrum, x 80; mandible, x 60; St terminal 
segment of third maxilliped, X SO; chela and carpus of first 
persBopod, x 30; 5, chela and portion of carpus of second persso- 
pod; 6, dactylus of third pair, X BO; 7, dactylus of fifth pair, 
X 80; 8, portion of telson, x 60; uropodial spinules, X 60. 

Plate 2. Caridina iaoaqsnsis sp. not. 

Pic. 1. Lateral view of rostrum, x 30; 2, eye, x 30; 8, mandible, X 60; 

J^t chela, carpus, and propodus of first pair of perssopods, x 30 ; S, 
chela and carpus of second pair of peneopods, x 80; 6, dactylus 
of third pair of peneopods, x 60; 7, portion of telson; uropodial 
spinules, X 60. 

Plate 8 

Pig. f. Caridina Icytensis ap. nov., lateral view, anterior cephalothorax, 
X 60 ; 2, Caridina leytensis sp. nov., terminal joint of third maxil-> 
liped, X 30; 3, Caridina leytensia sp. nov., peneopod of first pair, 
X 60; 4, Caridina leytewris sp. nov,, perseopod of second pair, X 
60; 5, Caridina leyientiM sp. nov. dactylus of third pair, x 60; 
S, Caridina leytensis sp. nov., apex of telson, 60; 7, Caridina Zey* 
tensis sp. nov., uropodial spinules, x 60; Caridina ceUntinoi 
sp. nov., lateral view, anterior cephalothorax, x 60; P, Ca^ridma 
celettinoi sp. nov,, perssopod of first pair, X 60; iO, Caridina 
celestinoi sp. nov., lateral view of telson and uropods, X 60. 
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CLINOSTOMUM ABDONI SP. NOV., A TBEMATODE 
PARASITE OF THE CAT IN THE PHIUPPINES 

By Maboos a. Tubanoui 
Of th* Bureau of SoSonoo, ManUa 

•nd 

Eonaio Y. Gaicu 
Of tko Inotitute of Hygiene, Manila 

OMl TBCT noun 

A single specimen of this interestinsr parasite was recently 
received by one of us (E. Y. G.) from Dr. Alfredo Abdon with 
the information that it was obtained from a pocket under the 
tongue of a house cat in Surigao, Surigao Province, Mindanao. 
The finding of the fluke in a mammal is of more than ordinary 
interest, due to the fact that all of the previously described mem- 
bers of the genus Clinostomum have all been encountered in the 
oral cavity, pharynx, or oesophagus of fish- and frog-eating birds. 
It is probaUe that the new form is also normally a bird parasite, 
the cat being only an incidental host. We have the pleasure 
of naming the parasite after Doctor Abdon in appreciation 
of his interest and his courtesy in placing the material at our 
disposal. 

Description . — Body elongate, measuring 6.8 millimeters in 
length by 1.66 millimeters in maximum width across middle of 
postaoetabular region; preacetabular region more or less uni- 
form in width. Cuticle unarmed. Oral sucker terminal, 0.80 
by 0.40 millimeter, partially retracted, with the anterior body 
wan raised around it like a coUar. Acetabulum much larger 
than oral sucker, 0.86 by 0.64 milUmeter, at junction of anterior 
and middle thirds of body length. Prepharynx long, pharynx 
rudimentary, oesophagus practicaUy absent; intestinal cseca with 
diort lateral evafi^nations in postacetabular region, extending to 
near posterior end of body. 

Testes tandem, small, kidney-shaped, 0.20 by 0.40 miUlmeter, 
at middle of posterior third of body length. Cirrus sac ventral 
to anterior testis, bottle-shaped, 0.60 by 0.19 millimeter, its neck 
bent acutely towards median line; cirrus sac incloses snudl sem- 
inal vesicle and short cirrus, ^mmon genital pore median, 
immediately in front of anterior testis. 
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Ovary pear-shaped, 0.27 by 0.16 millimeter, slightly displaced 
towards right side of median line and partly overlapping pos- 
terior testis in ventral view. Shell gland as large as and beside 



Fio. 1. CUnMtomu-m abd(mi ep. nov., •niine 
worm. ventriJ view, ae, aeeUbulum ; eir- 
ru« »ae; ep, exerttory pore; gp, ffenitt} 
pore ; hit, intestinal efaeum ; on. oral suekar : 
ov. ovary ; U, U, testes ; ua. uterine sac ; 
vg, vitelline glands. 


ovary, ventral to posterior 
testis. Uterine sac enor- 
mously distended with eggs, 
2.45 by 0.96 millimeters, oc- 
cupying much of the space 
between acetabulum and an- 
terior testis. Vitellaria folli- 
cular, in two broad lateral 
bands between acetabulum 
and posterior end of body, 
meeting anteriorly and post- 
eriorly. Eggs thick-shelled, 
operculated, yellowish, none- 
embryonated, 100 to 109 by 
60 to 64 microns. 

Excretory bladder V-shaped ; 
excretory pore terminal. 

Host. — House cat (Felis 
c(ti!U8 doniesticus) . 

Location. — Mouth cavity, 
under tongue. 

Locality. — Surigao, Surigae 
Province, Mindanao. 

Type specimen. — Bureau of 
Science parasitological collec- 
tion No. 679. 

Two species of inunature 
clinostomes have been des- 
cribed from the Philippines; 
namely, Clinostomum dalagi 
Tubangui, 1933, from a fish, 
and C. pseudoheterostomum 
Tubangui, 1988, from a frog. 
Clinostomum abdoni differs 
very markedly from both of 
these forms. It appears to be 
more closely related to C. 
lophophallum Baer, 1938, 
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which was collected from the mouth of a heron, Phoyx purpurea 
manUlensis (Meyer)* in Macassar, Celebes. It may be dis- 
tinguished from its near relative by its smaller body size, the 
more posterior location of the main reproductive organs, the 
shaped of the testes, the position of the genital pore in front 
of the first testis, the greater development of the uterine sac, 
and the smaller size of the eggs. 
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' The eastern purple heron also occurs in many islands of the Philippines. 




ILLUSTRATION 

TEXT nO0R> 

[Drawinff by BaMomero Elicuadro.] 

Pic. 1. Clinostomum abdoni sp. nov., entire worm, ventral view, ac, aceta- 
bulum; C8t cirrus sac; ep, excretory pore; gp, genital pore; int, 
intestinal cecum; o», oral sucker; ov, ovary; U, tu testes; 
uterine sac; vg, vitelline glands. 
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DIATOMS IN THE STOMACHS OF MARINE ANIMALS 
FROM AMOY AND VICINITY 

By T. O. Chin 

Of the Marine Biological Station, Vniveraitg of Amoy, China 

Diatoms are the grasses of the ocean and the basic food of 
marine animals. Therefore the study of the stomach contents, 
or the contents of the alimentary canals of marine animals, may 
yield a large number of diatoms. Diatoms are especially nu- 
merous in those small forms in which, by means of the cilia, sea 
water is made to circulate in and out of the body. The food- 
getting apparatus of this type of animal is better fitted than the 
finest tow net for collecting diatoms and other small organisms. 

The present paper covers 12 samples, representing 11 species 
of animals, 9 of them invertebrates, and 2 protochordates. 
Eighty-eight species of diatoms were obtained from the stomachs 
of these animals, 24 of them new for China coast, mostly Navi- 
eula, 6 of them brackish-water species, and 5 fresh-water species. 

Sample 1. — Collected from the small oyster, Oatrea taUenwha- 
nenaia, Kulangsu, June, 1937. Fourteen species of diatoms were 
found. 

Sample t. — Collected from the small oyster, Oatrea talienwha- 
nenaia, Chipbee, June, 1937. Nineteen species were found. 

Sample 8 . — Collected from the large oyster, Oatrea gig'aa, 
Chuan Chow, April, 1987. Twenty-one species were found. 

Sample — Collected from Solen sp., Amoy, June, 1937. 
Fourteen species were found. 

Sample 5. — Collected from Pinna sp., Nantaiwu, August and 
September, 1986. Twenty-one species were found. 

Sample 6 . — Collected from Lingula sp., Chipbee, April, 1937. 
Twenty-eight species were found. 

Sample 7. — Collected from the purple sea urchin, Helioddaria 
eraaai^na, Nantaiwu, April, 1986. Twenty-nine species were 
found. 

Sample 8. — Collected from the sea cake, PeroneUa leaaeuri, 
Chipbee, August, 1936. Twelve species were found. 
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Sample 9. — Collected from many species of the sea cucumber, 
from different localities near Amoy, 1986. Eleven species were 
found. 

Sample 10. — Collected from the sipunculus, Phymoeoma eeo- 
lops, Amoy Harbour, spring, 1987. Seventeen species were 
found. 

Sample 11. — Collected from amphioxus, Branehiostomata sp., 
Liuwutien, June, 1987. Thirty species were found. 

Sample 12. — Collected from the purple ascidian, Cynthia rosea, 
Chipbee, June, 1986. Twenty •six species were found. 

DIATOMS POUND 

HBLOSIRA HONmiFOKlIIS <MUI.> Agardh. 

Sample 1. 

nsLosiBA JoiacacNSi Agues. 

Sample 6. 

PARAUA SULCATA (thr.) CtovA 

Sample 8. 

HTALODUCUS SUBTOIS BaU. 

Samples 2 and 8. 

PODOSnA STELLIOnt (BaU.) Mana. 

Samples 2, 8, 4, 6, 6, 11, and 12. 

STBPBANOPTXU PALmBIANA (eNT.) Onamr. 

Sample 9. 

ACTINOCTCLUB BHBBMBBBai Ballk. 

Samples 2, 4, 7, 11, and 12. 

ACrmOCTCLUS KHBXNBBBGI var. CKA88A (W. Sai.) Baatedt. 

Sample 2. 

COSCmOOISCUS LnntATUS SkNahan. 

Samples 1, 2, 8, 4, 6, 6, 7, 10, 11, and 12. 

CeSClNODIBCUS BXOBNTBICnS Bhnabarf. 

Samples 1, 2, 8, 4, 5, 6, 7, 8, 9, 11, and 12. 

OOSCmODISCUS SUBTOIS (Xhr.) Gnaaw. 

Samples 1, 2, 3, 4, 7, 8, 10, and 12. 

C08CIN0DI8CUS CUBVATULU8 Graaaw. 

Samples 2, 5, 7, 8, 10, and 12. 
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C0BCIN0D18CU8 CCRVATULUB vu. MINOB (Ehr.) Grounr. 

CoseinodiBcua evarvatviuB var. minor (Ehr.) Gnmow, HusnoiT (1928) 
409, fig. 217. 

Sample 2. 

C08CIN0D1BCUS 8XCENTBICV8 var. FABCICCUITA Hutadt 

Cofetnoditoua excentricua var. faacicvlata Hubtedt (1928) 890, fig. 

202 . 

Sample 2. First record for China Coast. 

COBCmODIBCVB BTEIXARIB Bapar. 

Coacinodiaeua atellaria Roper, Hostedt (1928) 396, fig. 207. 

Samples 2 and S. First record for China Coast. 

COBCINODI8CU8 SmiABIS var. STMBOLOPHOBA (Gran.) Jatfanaan. 

Coacinodiaeua atellaria var. aymbotopkora (Grun.) Jorgensen, Hustbdt 
( 1928) 396, fig. 208. 

Sample 2. First record for China Coast. 

C08C1MOD18CU8 BADUTUS Ehtaabart. 

Samples 3, 6, 7, 8, 9, 10, and 12. 

C0BC1K00I8C08 MABOIHATDS Bnanban. 

Samples 7, 11, and 12. 

C08CIN0DIBCUB ABTEBOMFBALtTB Bhrankars. 

Samples 7, 9, 10, and 11. 

C08C1NODISCUS iONBSIANUS var. COMMUTATA (Gran.) HaatadL 

Sample 8. 

CTCU>TBLLA STBIATA (KHti.) Graaaw. 

Samples 1, 4, 5, 6, 10, 11, and 12. 

CTCtOTBLLA smOBOM BrishtiralL 

Samples 1, 2, 3, 6, and 11. 

Cr(nA)TBLlJ4 COMTA (Ehr.) aatsUw. 

Samples 2, 4, 6, 7, 10, 11, and 12. 

CTCLOmXA CBAETOCBBAB LaBBiatmaim. 

Cyelotella ehaetoeeraa Lemmermann, Hustedt (1928) 844, fig. 175. 

Sample 3. First record for China Coast. 

ABAfamOlDlSCUB OBKATUS Kiraaban. 

Samples 7 and 10. 
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ACTlKOPTrCHUS UNDULATUS (BaU.) Bail*. 

Samples 1, S, 5, 6, 7, 9, 11, and 12. 

AITBaOHPBALUS BOBUSTU8 Caate. 

Samples 10 and 12. 

AUUSCVS mCBBTVS SdiaMt. 

Atdiaeut ineerttut Schmidt, Hustedt (1929) 622, fig. 296. 

Sample 2. First record for China Coast. 

TBlCBBATnm FAVnS Bhnnbais. 

Samples 8, 4, and 11. 

TBICEKATmM BALBARICUM fo. BIQIIADRATA (Janheb) RuatMit. 

Trieeratium balearicum fo. biqvadrata (Janisch) Hustedt (1980) 818, 
fig. 477. 

Sample 7. First record for China Coast. 

TBICBBATIUM BBOBCIUI tMrfIcar-Fartaaard. 

Trieeratium BroeckU Leudiger-Fortmorel, HusTEDT (1930) 802, fig. 
466. 

Sample 11. First record for China Coast. 

ACTINOPTTCBUS ANNULATA <WaU.> Oraaow. 

Samples 1, 4, 5, 6, 7, 10, 11, and 12. 

BIDDULFBIA MOBrnnSNSOI <Ball.> Graaow. 

Sample 1. 

BIDDDLFBIA AUBITA (Ijra.) BnUaaaa. 

Sample 2. 

Bn>DUI.PBU AUBITA Tar. OBTU8A (Ktta.) Baatadt. 

Sample 3. 

BmOUlf BIA PULCBBUJl Qrar. 

Samples 7 and 11. 

BtODULPBU OBTUBA Ettafaur. 

Samples 7 and 10. 

BAPBONBU AMFBICBBOS Bhiaabarc. 

Samples 6 and 6. 

STNBDBA GAIXIOMU BhiaaUi*. 

Samples 4, 9, and 12. 

STNBOBA TABin.ATA (Ac.) E«tatac. 

Sydnedra tabulata (Ag.) Kiitzing, van Heubok (1896) 814, pi. 10, fig. 
481. 

Sample 6. First record for China Coast. 
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STNBDBA ULNA Vhtmhfg. 

Synedra ulna Ehrenberg, van Hsurgk (1896) 810, pi. 10, ilg. 409. 

Sample 6. Fresh-water species. 

STNBDBA B0BU8TA Balls. 

Synedra robusta Ralfs, van Heurck (1896) 316, pi. 30, figs. 836, 837. 

Sample 7. First record for China Coast. 

EBABOONElf A ADRIATICUM Ktttaliiff. 

Sample 7. 

GRAMMATOPUORA MARINE vsr. MACILENTA van Hamrck. 

Samples 7 and 8. 

ACBNANTTHES BBBVIPBB Agardh. 

Samples 6, 7, and 9. 

COCXONEBS SCUTBLLUM Blurnibarg. 

Samples 1, 5, and 7. 

COCCONEIS DISRUPTA Grtg. 

Sample 7. 

NAVICULA rUSCA (Grag.) BaUh. 

Navieula fusea (Qreg.) Ralfs, Donkin (1870) 7, pi. 1, fig. 5. 

Sample 1. First record for China Coast. 

NAVICULA tNTERBUPTA KStilng. 

Samples 1, 4, 5, and 6. Brackish-water species. 

TRACHTNBI8 ASPERA Ehrcnberg. 

Samples 2, 3, 5, 6, 7, 11, and 12. 

NAVICULA CBABBO Eturanbarg. 

Samples 3, 6, 7, 8, 11, and 12. 

NAVICULA ELLO^TICA KOtafag. 

Navimla elliptioa Kfitzing, Donkin (1870) 7, pi. 1, fig. 6. 

Samples 4, 5, 6, 9, 10, 11, and 12. First record for China 
Coast. Brackish-water species. 

NAVICULA BOMBUS (Bhr.) Ktttiiiig. 

Ncmeula bonihus (Ehr.) Kiltzing, Donkin (1870) 50, pi. 7, fig. 7. 

Sample 6. First record for China Coast. Brackish-water 
species. 

NAVICULA UTOBAUS DquIUii. 

Navieula lUoralts Donkin (1870) 6, pi. 1, fig. 2. 

Samples 6 and 10. First record for China Coast. 
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NAVICULA LYBA 

Navicula Lyra Ehrenberg» Donkin (1870) lA, pi. 2, fig. 7. 

Samples 6 and 11. First record for China Coast. 

NAVICULA N1TBSCBN8 Graff. 

Navicula NUeseene Greg., Donkin (1870) 8, pi. 1, fig. 7. 

Samples 6 and 11. First record for China Coast. 

NAVICULA FORTI8 Qmt* 

Sample 6. 

NAVICULA 8COPULORUM BrablfMii. 

Navicula ceopulorum Brebisaon, Donkin (1870) 73, pi. 12, fig. 5. 

Samples 6 and 7. 

NAVICULA FORCIPATA Grcrlila. 

Navicula forcipata Greville, Donkin (1870) 12, pi. 2, fig. 4, 

Sample 9. First record for China Coast. 

NAVICULA LONGA Graff. 

Sample 11. 

NAVICULA DXRBCTA W. 8m. 

Sample 11. 

NAVICULA ABRUPTA Gra#. 

Sample 11. 

PINNULABIA TABBLLARIA Bliraiifrarff. 

Pinnularia Tahellaria Ehrenberg, Donkin (1870) 70, pi. 12, fig. 4. 

Sample 6. Fresh-water species. 

TBACHTNB16 CLEPSYDRA (Dankln) Clara. 

Trachyneic Clepsydra (Donkin) Cleve, Donkin (1870) 68, pi. 10, 
fig. 2. 

Samples 11 and 12. First record for China Coast. 

GOBfPHONBIS GRACILB Ehranbarff. 

Gompkoneis gracUe Ehrenberg, van HbubCK (1896) 272, pi. 7, fig. 809, 

Sample 1. Fresh-water species. 

CYMBELLA A8PBBA (Blir,) Clara. 

Sample 4. Fresh-water species. 

CYMBELLA ASPBRA rar. MINOR ran Haardi. 

Cyrnhella aspera var. minor van Hirtrck (1896) 146, pi. 1, fig. 36. 

Samples 8 and 4, Fresh-water species. 
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AMPBOBA BAJLINA W. Sm. 

Samples 5 and 6. Brackish-water species. 

AMPBOBA COMMUTATA Oranow. 

Amphora oommutata Grunow, VAN HXUBCK (1896) 182, pi. 1, tig. IS. 

Sample 11. First record for China Coast. 

PLEUBOBIGMA NORMANII B*K«. 

Samples 2, 3, 6, 6, 9, 10, 11, and 12. 

PUnrBOBIGHA PELAGICUM Ptnrtlla. 

Pleurotigma pelagicum Peragallo, AlXBM ft Cupp (193K) 167, tig. 104. 

Samples 6, 11, and 12. First record for China Coast. 

PLEUBOBIGMA AFPINE Gninow. 

Pleurosigma affine Grunow, TAM HbubcK (1896) 252, pi. 6, ftg. 268. 

Samples 7^and 8. 

PLEUBOBIGMA NAVICULACEUH Brabinaii. 

Samples 8, 11, and 12. 

GTBOSIOMA BALTICUM W. Bn. 

Samples 2 and 8. 

SUSmELLA FLUMINENSIB Granow. 

Samples 1, S, 6, 7, 9, 10, and 11. 

SUBIBBLLA BPUtALlS Ktttstnc. 

Surirella epiralia Kiitzing, VAN Heurck (1896) 374, pi. 13, fig. 692. 

Sample 3. First record for China Coast. 

BUBIBELLA GEMMA Ehrmbtrc. 

Samples 6 and 8. 

SUBIBELLA VOIGTIl Skrartaaw. 

Surirella voigtii Skvobtzow (1982) 160, pi. 1, figs. 1 to 8; pi. 2, fig. 1. 

Samples 8 and 10. 

CAMPTLOOIBCUS BODGSONn W. Sa. 

Sample 7. 

CAMPTLOOIBCUS (?) COCCONBIFOBMI8 Gnraair. 

Samples 3, 5, 7, 10, 11, and 12. 

NITSSCBIA LANCBOLATA W. Ba. 

Nitxaehia kmeeolata W. Sm., van HbUbck (1896) 400, pi. 17, fig. 648. 

Samples 1 and 6. First record for China Coast. Brackish- 
water species. 
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imzaCBU. PUNCTATA (W. fa.) Gmnv. 

Samples 6, 6, 7, 9, 11, and 12. 

NIT2»CH1A PUNCTATA rmt. ELONGATA Tan Havek. 

NitzBohia punctata var. elongata van Heueck (1896) 886, pi. 15, fig. 
492. 

Sample 8. First record for CHiina Coast 

NITZSCBU PASCICULATA Gnmaw. 

Nitzaekia faaeiculata Grunow, van Heueck (1896) 897, pi. 16, flg. 636. 

Sample 12. First record for China Coast. 

NRZBCHU LONQUISIHA (Bnb.) Balfi. 

Sample 12. 

BACnXABU PABADOXA (GaaL) Gmair. 

Sample 12. 

GOHPEONITEBCflUA OBINBN8B SImriaaw. 

Gompkonitzaekia ekinanaia SKVMnzow (1932) 169, pL 8, fig. 1. 

Sample 6. 

SnOTODESMlB AUSTBAUB Gnvflkk 

Stictodeamia Auatralia Greville, van Heueck (1896) 286, fig. 84. 

Sample 8. First record for China Ck>ast. 



A METHOD FOR DEGUMMING AND BLEACHING 
DECORTICATED RAMIE FIBER 

By Mariano P. Bawro 
Of the Bureau of Seimee, Manila 

Decorticated ramie is a srummy bast fiber of the ramie plant 
(Boehmeria nivea L.), debarked and separated from the woody 
portion by a decorticating machine. It is often called China 
grass, ramie ribbon, or simply ramie. Locally the plant is known 
as Upang aso (Tag.) . If purified properly its strong fibers be- 
come lustrous like silk, and suitable for the manufacture of 
high-grade textiles. Since the production of ramie is a growing 
industry, it would seem important to develop an economical and 
effective method for degumming decorticated ramie grown in 
the Philippines. 

Ramie was the source of textile fiber in the early Egyptian 
dynasties, and since that time it has been rediscovered several 
times. The early CJhinese wove fiber from ramie into a delicate, 
beautiful “grass cloth.” Today other oriental countries are 
using it for the same purpose as well as in the manufacture of 
cordage. 

The ramie plant is a "cluster of tuberous roots(8) surrounded 
by a mass of fleshy rootlets, supporting a growth of from 10 to 
80 stalks which shoot upward to a height of from 4 to 8 feet.” 
The stalks vary in diameter from five-sixteenths to three-fourths 
of an inch at maturity. The leaves of ramie are ovate-acumi- 
nate, green on the upper surface, and hairy and silvery or whitish 
beneath. The bast fibers are imbedded in the bark that sur- 
rounds the woody portion of the tree. 

For years the inhabitants of the Batanes Islands and the non- 
Christian people of northern Luzon have cultivated and exten- 
sively used ramie for various purposes. 

The plant was introduced into Davao from Formosa in 1981 
by the Ohta Development Company. It has been reported(4) 
that six crops can be obtained annually in Mindanao. Under 
normal conditions a hectare of ramie in Davao yields forty piculs 
of decorticated fiber. The cost of producing a picul of the fiber 
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in Davao is estimated at 12 pesos.' At this rate it would mean 
a net profit of 18 pesos per picul to producers, since the current 
price of one picul is 30 pesos. 

In other ramie-producing countries (Table 1) the planters can 
obtain only from one to four crops a year. It thus appears that 
the ramie industry in the Philippines has advantages and possi- 
bilities over such an industry in other countries. 

Tabus 1 . — Annual yield of decorticated ramie fiber, in pounds per hectare. 


ColUktriea. 

Number 
of cuttings. 

Pounds per 
betturt:. 

1 

PhIlippfnMi friaUnlf*") 



Alf^eni (HArdy)...«» 



Califoralm (Hilgftrd)... .................. .... .... 

2«4 

Fnmoe (Paviet). ... 

3 

India (Spon) ...................... ... 

2 


Italy (De Man) 

8 

‘*2,800 




• Fiarurea tak^ from Calinisan. 


*Flgur«t taken from Dodge. 


Calinisan states that in 1986 there were four plantations in 
Davao, comprising 176 hectares, of which 100 hectares belong to 
the Ohta Development. Company, 50 hectares are credited to the 
Catalunana Agricultural Company, 20 hectares are registered 
under the Furukawa Plantation, and 6 hectares are developed 
by the Pendisaan Plantation. 

According to Lomat,(ii) the Ohta and Furukawa Companies 
in the early part of 1988 owned over 800 hectares of ramie, and 
exported 600 piculs of decorticated ramie to Japan. 

Degummed China grass is glossy and looks almost like silk. 
This property of the fiber, combined with its strength which is 
eight times that of cotton, (6) makes ramie a valuable material 
for the manufacture of textiles and paper. The degummed fiber 
is also a source of alpha cellulose that may be converted into 
artificial silk and other products. The purified filaments have 
been woven into a variety of goods, such as table cloths, napkins, 
curtains, dress goods, and knit materials. (12) 

In Europe, particularly France, Cermany, and England, ramie 
is used for linen, (9) ^awn-work doilies, and other textile 
goods. (7) In the paper industry ramie pulp is known as an 
excellent material for bank notes(io) and writing paper of high 
quality. 

' One peso equals 60 cents United States currency. 



n,t Ramiro: Degumming and Bleaching Ramie Fiber 413 

Span ramie fiber has been made into incandescent mantles(i) 
superior to those made of cotton. 

PREVIOUS WORK ON DEGUMMING 

To render ramie suitable for the manufacture of high«grade 
textiles or of substitutes for textile materials, it has to be eco- 
nomically degummed. Several methods for degumming the fiber 
have been reported in literature. ( 8 , 6,6,13, 14 ) 

As a result of numerous preliminary experiments there was 
developed in this laboratory a method that seems to be very 
suitable for local conditions. 

EXPERIMENTAL PROCEDURE 

Analytical . — For industries that use fibrous plants as their 
basic raw material, the composition of the plant is a matter of 
considerable importance. In general the results of analyses give 
an idea of the quality of the fiber, and also the properties of the 
incrusting substances. A knowledge of these components is 
essential in refining the fiber. 

A quantitative determination was made of the different con- 
stituents of the raw material and of the purified fiber. For the 
former (Table 3) the sample was extracted with alcohol-benzol, 
followed in succession by cold-water extraction and a digestion 
with 1 per cent sodium hydroxide. The total cellulose was deter- 
mined from the residue. In another case, for each component 
of the raw material determined, a different original sample was 
used. 

In the analysis of the purified fiber the standard method used 
by the Forest Products Laboratory( 2 ) of the United States de- 
partment of Agriculture was adopted. 

Degumming . — The fiber was digested in 2 stages of 1.5 hours 
each, in a dilute solution of caustic soda or a mixture of dilate 
solution of caustic soda and ammonium carbonate in the first 
stage, and a combination of caustic soda and sodium sulphite in 
the second. The proportions of the chemicals used for digestion 
are shown in Table 10, in which experiments 27 and 28 gave 
the best results. The total volume of cooking liquor used for 
every 36 grams of oven-dry fiber is approximately 400 cubic 
centimeters. 
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Bleaching.’So^nm hypochlorite was used in bleaching the 
degummed fiber. Twenty-seven grams of the fiber was placed 
in a suitable container with 400 cubic centimeters of water heated 
to 40° C. The sodium hypochlorite solution containing 22 grams 
per liter of available chlorine was added, with constant stirring 
so that it mixed well with the fiber. The container, which was 
frequently shaken, was placed in a bath of 40° C. and maintained 
at this temperature until the bleaching liquor was completely 
exhausted. The fiber was then carefully washed and dried. 

Softening . — ^To render the degummed ramie soft and flexible, 
it was treated for 1 to 2 hours with an emulsion consisting of 
soap solution and kerosene. Before drying, the emulsion was 
cither partially or completely washed out with tap water. 

RESULTS 

Analysis . — The difference observed in the cellulose content 
of the decorticated and the undecorticated fiber (Tables 2 and 8) 
is to be expected, because the bark which is intact in the unde- 
corticated material dissolves readily in the process of analysis. 

Tablb 2 . — Total eelluloBe from undecorticated fiber.* {Cross and 
Bevan method.) 


Stmple No. 

i 

Weight of 
Biftterifll 
uwihI. ^ 

Ceiluloee. 

1 

1 

2 

8 

' ■' ■■■' 

if- 

z.im 

1.7840 

1.7840 

1.7940 

.9910 

.9182 

.9450 

.9472 

P$r wtU. 
46.70 
50.80 
62.65 
62.76 

4 

Average. ..... 





* Samples in this datennlnstion wen grown in Mantis. Oven dry. 


Tabic 8.-^ompoBition of decorticated ramie fiber, eaUndated on dry weight 

Oompoettion. Per cent 

Cellulose (ash free) 88.61 

Alcohol-benzol extract ... 2.15 

Cold-water soluble 8.67 

Alkali soluble 9.B6 

Ash (in cellulose) 0.21 
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The decorticated fiber does not ^ve any reaction for ligneous 
bodies. The absence of such bodies perhaps accounts for the 
rapid isolation and purification of the fiber. Alcohol and alcohol- 
benzol extracts are small (Table 4), indicating the resistance 
of the gum to the action of organic solvents. The relative dif- 
ference in the ash content of the untreated and the treated fiber 
(Tables 3 and 4, respectively), shows that the mineral consti- 
tuents are readily dissolved during the isolation of the cellulose. 
More or less complete elimination of the mineral components 
during the degumming and bleaching processes is further dis- 
closed by the small difference in the ash content of the fiber 
purified by the Cross and Bevan method, and the alpha cellulose 
shown in Tables 3 and 5, respectively. 

Table 4 .— and extract of decorticated fiber, determined 
separately from original individtuil sample. 




Component. 

Method used. 

For cent. 

CidluloM 

Chlorination 

84.16 

AloohoJ extract 

Soxblet extraction 

2.68 

Aleohol^bensol extract ... 


2.15 

Hot-water aoluble * 

Kedux with HiO for 1 hr 

8.U 

Cold-water aoluble 

Digwtion with dlatlUed H»0 for 48 houra 

2.29 

Alkali aoluble 

! Dijfeation with 1% NaOU for 1 hour 

16.46 

Moisture 

Ovon drying at lOBoC 

9.70 

Aah_,.. 

Obtained by Incineration from untreated aample 

4.05 





Table 5 . — Analysis of de gummed ramie fiber compared with that of 
commercial rayon pulp. 


Material. 

Alpha 

colluloae. 

Aah. 

Soluble in 
10 per cent 
KOH. 

Copper 

number. 

Beta and 
gamma 
oeUuloee. 


Per rent. 1 

i Per cent. 

Per cent. 


Per cent. 

Degtimmed ramie fiber. 

96.01 

0.11 

1 4.24 

0.79 1 

*’3. 88 

Highly purified wood pulp • 

95.08 

0.08 

5.46 

1.04 


Rayon pulp now on the market * 

87.76 

1 

0.12 

11.39 

1.98 1 

1 

j — 


• S«hwmr«. B. W. H. R. MaQcrtbert«r« Rayon and Syntbetio Yarn Handbook 

( 1980 ) 08 . 

* Bitimatad by diffarenee. 


Digestion. — A comparative study of all the experiments re- 
corded in Tables 6, 7, 8, 9, and 10 indicates that the concen- 
tration of the cooking liquor has some effect on the digestion 
yield. The average yield of the samples treated with a relatively 
strong solution (in the first and second digestion. Table 6) is 



TABtB 6.—Two-ttage digettvm, each followed by bletuAing. 


416 


The Philippine Journal of Science 






Ramiro: Degumming and Bleaching Ramie Fiber 417 

Tabus 1.— Effect of water pr^treatment on the degumming of S9 grama • 

of ramie fiber. 


[Bleach used: 6 cc sodium hypochlorite 


Sample No. 

Tteie. 

Color change. 

Yield. 


firt. 


Per emt 

12. 

7 

none 

95.60 

18 

1 


95.67 

14. 

22 



alightly bleached ^ 

94.62 

16 

22 

,do .. . 

94.62 

, ^ i 


1 



• Ovtn dry. 

Contains 22 fn'aina available chlorine per liter. 


Table 8. — Degumming of ramie fiber^ let digestion,* 


[Sodium hydroxide, 200 cc 1 per cent solution. Bleach used. 15 cc sodium hypochlorite. *’1 


Sample No. » 

(NH4),C(),. 

Color of bleached 
fiber. 

Yield. 


9- 


Per cent 

12 

4 

yellow . .. 

86.40 

18. 

5 1 

do 

87.05 

14 


yeUowisb 

78.70 

16... 

8 

.....do. 

79.72 






* All difirestions were made in 2 hours. 

Contains 22 arams available chlorine per liter. 
^ Products from water pretreatment were used. 


Table 9. — Degumming of ramie fibers 2d digestion* 


[Bleach used: T cc sodium hypochlorite. 


Sample No. « 

NaOH, 

1 per cent 
solution. 

Color of bleached fiber. 

Yield. 

12 

ee. 

50 

i 

yellow 1 

Per eent 
79.80 

18 

50 

do 1 

80.85 

14 

50 

slightly yeUowisb 

76.60 

16 

26 

yellowish 

76.87 


1 


• All digestions were made in l.S hours. 

^ Contains 22 grams available chlorine per liter. 
« Products from first digestion were used. 
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Table 10. — Two-stage digestion^ followed by om-stage bleaching, 

[Thirty>«ix grams (ov«ii dry) of inater{«l w«ro mod ixi all tamplts.] 


Sitmplo 

No. 

1 


Second digestion . 

Bleach 

NaOCl.t» 

Color of bleached fiber. 

Yield. 

tion, 
NaOH, 
1 per 
o«nt 
solution. 

NaOH. 

1 per 
cent 
solution. 

Sodium 
sulphite. 
2 per 
cent 
solution. 

CNHi).- 

COi. 


ce. 

ec. 

ec. 

9- 

et. 


Per emt. 


60 


60 


10 

yellowish 

79.60 

19 

60 

60 



10 

-_«-.^do 

78.70 1 

20 

800 

25 



8 


74.80 j 

2X 

250 

76 




8 

do_ . , 

73.42 { 

22 

160 

50 

60 

3 

8 

some fiber unbleached.. . .. 

78.06 j 

22 

200 

60 

50 

» 

8 

streaky with unbleached 

! 







1 fiber 

76.86 { 

24 

60 

60 

60 

1 8 

8 

poorly bleached 

79.82 i 

26 

100 

60 

60 

3 

8 

unbleached 

78,20 

26 

860 

60 

50 1 

8 

5 

' yellowish . 

75.08 

27 

400 

60 

60 1 

3 

6 

lustrous white 

73.90 

28 

870 

50 1 

26 i 


6 

I do 

78.97 

29 

850 


50 1 


7 

streaky.. 

1 

80 

860 




7 

slightly yellowish 

76.68 ; 

81 

800 

water 

water 

6 I 

7 

j yellowish ....... . 

77.28 ! 

82 

800 

40 


1 

1 

7 


76.48 

88 

200 

100 

100 


7 

white. 

74.21 

84 

200 

100 

60 

j 

7 

fairly white 

76,80 


« All diffeation lasted 1^5 boun. 

*> Contains 22 grams available chlorine per liter. 


definitely lower than the yield of the samples (Tables 7, 8, 9, 
and 10) treated with a cooking solution of moderate concentrs* 
tion. Since digestion and bleaching in all cases took place under 
uniform conditions, the difference in yield must be due to the 
concentration of the cooking liquor. This observation agrees 
with the usual experience in the digestion of fibrous material; 
that is, the stronger the liquor, the lower the yield, other con- 
ditions being equal. 

When the product was treated with acid, the best results in 
yield and bleach requirements were obtained under the following 
conditions; The cooking liquor for the first digestion should 
have 9.26 grams of sodium hydroxide per liter. The solution 
for the second digestion, consisting of a mixture of sodium sul- 
phite and caustic soda, should contain 1.26 grams per liter each. 

An increase in the ratio of the digestion chemical to the fiber 
did not seem to improve the bleach consumption of the product. 
This is shown in samples 6, 7, 8, 9, 10, and 11 in Table 6, and the 
samples in Tables 7, 8, and 9 in which the fiber was not treated 
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with a dilute acid. It would seem, therefore, that the purifica- 
tion of the fiber is not dependent entirely on the strength of the 
cooking solution. 

In experiments in which dilute acid was used, the bleach 
requirements of the fiber were small in comparison with the 
bleach demand for samples (Tables 6, 7, 8, and 9) having no 
acid treatment. In almost all cases the bleach demand of the 
samples in Tables 6, 7, 8, and 9 was about three times the amount 
of bleach used in samples 27 and 28 (Table 10) which were 
washed with the acid after digestion or before bleaching. 

Under these conditions it is obvious that the acid treatment has 
a definite function. It dissolves a major portion of the mineral 
matter serving as lakes for the dyes, gums, and other impurities 
of the fiber. Consequently the impurities are rendered washable 
and the dyes are left exposed favorably to the attack of the 
bleaching agent. 

Ammonium carbonate may be left out when the fiber is di- 
gested under atmospheric pressure. Results (Tables 6 and 10) 
reveal that a sample digested with a solution containing ammo- 
nium carbonate does not differ in yield and bleach requirement 
from another sample cooked without carbonate. It is obvious 
that the compound has no effect in the degumming of ramie 
under ordinary pressure, hence it may be omitted. 

Pretreating (soaking) the raw material with cold water for 
22 hours does not in any manner help in the removal of the gum, 
as Tables 7, 8, and 9 indicate. Approximately B per cent of the 
weight of the fiber was lost in the cold-water digestion. Any 
effect this pretreatment may have appeared to be negative, judg- 
ing from the large amount of bleaching solution required to give 
the product a desirable degree of whiteness. That the impurities 
of ramie fiber are insoluble in water is to be expected, since the 
major portion of these impurities constitute gummy substances 
which do not dissolve in water. 

Softening . — It was experienced that although the fiber is well 
purified, as in the case of samples 27 and 28 (Table 10) , on drying 
the fiber becomes hard and stiff, due, possibly, to the residual 
gum which is resistant to the action of the cooking and bleaching 
liquors. Under these conditions, the fiber is not fitted for spin- 
ning. 

To render the fiber soft without inflicting injury to it, is highly 
Important. This is made possible by treating the purified fiber 
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from one to two hours with an emulsion of soap solution and 
kerosene. 

The reaction of the emulsion toward the residual gum seems 
to be complex in nature. It is probable that the kerosene in 
the emulsion acts as a solvent for the gum. When the soluble 
gum is removed by washing, the treated fiber after drying is 
veiy soft and silky. 


SUMMARY 

1. From all indications ramie should be a profitable industry 
for the Philippines. There are now several plantations in Min- 
danao producing approximately 20,000 piculs of ramie ribbon 
annually. 

2. Ramie fiber properly degummed is lustrous and looks almost 
like silk. The purified ftlasse could probably be industrialized 
into a profitable Philippine textile industry. 

S. The degumming process developed in this work is consid- 
ered effective and economical. Digestion of the fiber under 
pressure is not necessary. The time needed for purification is 
short. 

4. The purified fiber has a high alpha cellulose content, show- 
ing that the process has little hydrolytic effect on the fiber during 
cooking. 
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BOOKS 

Books reviewed here have been selected from books received 
by the Philippine Journal of Science from time to time and 
acknowledged in this section. 

REVIEWS 

Synthetic Resins and Allied Plastics. By R. S. Morrell in Collaboration 
with T. Hedlcy Barry, R. P. L. Britton and H. M. I.angton. London, 
Oxford University Press, 1937. 417 pp., illua. Price, fll. 

This book gives an excellent account of synthetic resins and 
of their preparation and properties. It contains many excellent 
suggestions for laboratory and factory practice. Good descrip- 
tions are given, with illustrations, of the machinery used in 
making commercial products from synthetic resins and thermo- 
plastic materials. 

Some of the more important subjects discussed are the fol- 
lowing: molding re.sins of the bakelite and urea types; molding 
resins and plastics derived from casein and cellulose; manufac- 
ture and technique employed in molding; vinyl, styrene, acrolein, 
acrylic acid, coumarone, indene, and glyptal resins; resins in 
varnish and enamel manufacture; identification and testing syn- 
thetic resins. 

Written in a clear and concise manner and giving a great deal 
of technique information along this line, this book is an excellent 
text and reference on synthetic resins. — A. P. W. 

Teachable Moments. A New Approach to Health. By Jay B. Nash. New 
York, A. S. Barnes and Company, 1938. 244 pp. Price, (1.60. 

The author brings out an interesting and novel way of making 
a person health conscious. While many sound and accepted 
principles of health practices are incorporated in the book, there 
are personal idiosyncracies quite contrary to present teaching 
and scientific precepts. 

In the chapter on "Truth and Part-Truths” the author seems 
to have seen more of the bad than of the good sides of many 
practices adopted in our public schools. If he had worked as a 
health officer in the schools, his field of vision would have been 
broader. — ^I. F. 


428 
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Nature Study Above and Below the Surface. A Bridfre Between Amateur 
and Professional. By H. C. Gunton. With a Preface by Dr. C. B. 
Williams. London, H. F. & G. Witherby, Ltd., 1938. 184 pp., illus. 
Price, 78/6d. 

The aim of the author in presenting this book is to stimulate 
the interest of those who wish to obtain more than mere super* 
ficial knowledge of some of the phenomena of natural life, which 
are at present engaging the attention of many workers, both 
professional and amateur. The book embodies the author's long 
years of experience as a keen amateur naturalist. The author 
is the present Director of the Phonological Report of the Royal 
Meteorological Society in Great Britain, a body composed of 
amateurs and professionals. 

The aspects of natural life under ecology and phenology and 
other topics are dealt with in the introduction. Outstanding 
phenomena in nature, like natural protection, protective resem- 
blance to surroundings, mimicry, variation, migration, and other 
phases of life are discussed in the second chapter. Notable ex- 
amples of the work of professional entomologists in the control 
of noxious insects and plants are included in a chapter on applied 
entomology. In the last chapter the author makes several con- 
clusions and recommendations. — S. R. C. 

Soilless Growth of Plants. Use of Nutrient Solutions, Water, Sand, Cinder, 
Etc. By Carleton Ellis and Miller W. Swaney. New York, Reinhold 
publishing corporation, 1988. 166 pp., front., illus. Price, |2.76. 

This book gives a detailed description of the three recognized 
modifications of soilless growth, namely, water culture, sand 
culture, and subirrigation system. 

Numerous household experiments and large-scale soilless- 
growth operations are discussed, and supplemented by drawings 
and photographs. The discussions and even the preparation of 
nutrient formulas are given in a popular style which can easily 
be understood by the layman. The authors are optimistic about 
the future of soilless-growth technique in plant cultivation. 

— H. S. S. 

The Vegetable Growing Business. By Ralph L. Watts and Gilbert Searle 
Watts, New York, Orange Judd Publishing Company, Inc., 1989. 
649 pp., front., illus. Price, $3.60. 

The unique role now occupied by vegetables in the diet of the 
people has made vegetable growing one of the most important 
branches of modern agriculture. Among the most recent addi- 
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tions to vegretable literature the book entitled “The Vegetable 
Growing Business,’' by Ralph L. Watts and Gilbert S. Watts, 
commands attention. The senior author is a renowned professor 
and an authority on vegetable growing, while the junior author 
is a successful commercial vegetable grower. In this volume 
therefore, are combined the technical knowledge of a professor 
and the practical experiences of a grower. 

The book is divided into 25 chapters and a list of references 
at the end. It is profusedly illustrated. The first 12 chapters 
are devoted to a discussion of the general outlook of the industry, 
locations and soils, seeds, management, fertilizers, planting and 
cultivation, pests and diseases and their control, harvesting, 
storage, and marketing. The rest of the book is a detailed dis- 
cussion of the cultures of the different groups of vegetables. 

This book should be a good reference to both teachers and 
students of vegetable growing as well as to those actually en- 
gaged in or contemplating to engage in commercial growing of 
vegetables, particularly vegetables adapted to a temperate cli- 
mate. — P. A, R. 

Sheet Metal Work. By William Neubecker. Chicago, American Technical 
Society, 1938. 360 pp., illus. Price, $2.60. 

This is a work-type description of sheet metal work that is 
used in modern buildings and in manufacturing processes. The 
first part of the book and a few subsequent portions thereafter 
are devoted to principles the understanding of which requires 
a knowledge of geometrical principles: areas, surfaces, and the 
progressive development of complex surfaces. The development 
of patterns, like joints of cylindrical, conical, and spherical sur- 
faces, are described. Joints of hexagonal and square forms are 
also explained. 

Definite problems of actual construction, as the construction 
of cornices, skylights, roofs, flumes, and tube elbows, are taken 
up. The process used in the making of moulds for terra cotta or 
cement mouldings is described in detail. In order to help the 
sheet metal worker and designer, complete tables of sheet metal 
properties are given. These are distributed throughout the book 
and placed close to each subject matter which each supplements. 

With the rapid progress of manufacturing industries, pressed 
metal manufacturing, building construction, air conditioning, 
and other trades requiring the use of sheet metal, the book is 
indispensable as a text and guide. — G. J. S. 
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Methods of Tissue Culture. By Raymond C. Parker. With a Foreword 
by Alexis Carrel. New York, Paul B. Hodber, Inc., 1988. 292 pp., 
front., illus. Price, f5. 

Although the author in his preface makes it clear that the 
book is intended for both those who are not acquainted with the 
more recent developments in tissue culture and others who have 
never handled this work, an effort is made to orientate the reader 
in the extensive literature regarding various technics followed 
by leading researchers on the subject. Chapter XVI, for exam- 
ple, contains examples of the way in which the methods have 
been used in five important fields of investigation; namely, ex- 
perimental morphology, the study of tumors and viruses, and 
hypersensitivity and immunity. The book includes a biblio- 
graphy of supplementary references to experiments on this and 
other investigations not taken up in the text. 

In a lengthy foreword the celebrated surgeon of the Rocke- 
feller Institute, Dr. Alexis Carrel, who, years ago, took up 
seriously the work of tissue culture begun by Harrison in 1907, 
summarizes the importance of tissue culture in biology, to wit: 
"For the first time in the course of their history, biological tech- 
niques are capable of separating the living body into minute parts 
without destroying the life of those parts.” In the beginning 
of the foreword he states thus, "Along with the inoculation of 
the dissection of the living or dead bodies and that of the micro- 
scopical examination of organs, the creation of the method of 
tissue culture is the most important event in the history of 
anatomy.” In other words, tissue culture technics have made 
possible the study of living tissue cells and organs detached from 
the living body. 

The author gives a brief history of tissue culture. Without 
the necessity of discussing the text chapter by chapter, the entire 
work represents, in abridged form, all the essential elements of 
successful methods of tissue culture. The subject as presented 
can easily be understood by a technical neophsrte equipped with 
certain laboratory training and guidance. The presentation of 
the various tsnpes of cultivation in vitro of the different tissues 
of the body is sufficiently clear to make it workable. The appli- 
cation of these methods in the culture and maintenance of 'Wrus 
organisms of smallpox, fowl pox, encephalomyelitis, and infec- 
tious bronchitis is a reality, and vaccines have already been man- 
ufactured from such cultures with gratifying results. Tissue 
culture work bids for other important fields of study, such as 
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physiology, anatomy, medicine, surgery, biology, bacteriology, 
viriology, and immunology. 

Having been a student and associate of Doctor Carrel for 
many years. Doctor Parker, in his book, “Methods of Tissue 
Culture,” has assembled in a concise manner most of the general 
practices in Doctor Carrel's laboratory, and has placed others 
within the reach of those who are interested in this fascinating 
subject. The most recent advances in tissue culture technic and 
the new fields of application have been carefully added. 

The reviewer, even with his limited experience in this line of 
work, can attest to the thoroughness of the Carrel technic. 
At the Kaiser Wilhelm Institute ftSr Biologie he used with 
success practically the same methods and procedures presented 
in this book. A culture of a tumor has been kept growing in 
that institution for the' past 30 years. The study of the phy- 
siology, anatomy, growth, and the causative factor of tumors 
has taken a grip on the world scientists of today, and the method 
of tissue culture is being applied in tumor investigations with 
greater intensity than ever before. 

The histology and micro-photography of growing tissues in 
culture, are very e.s.sential in the various applications of tissue 
culture not only from the standpoint of recording results, but 
also in interpreting intra- and extracellular changes in the grow- 
ing process in the normal and abnormal state. These points are 
w'ell taken up in the book in accordance with the more recent 
methods. 

A most recent and valuable addition to the technic which 
may revolutionize anatomical or organic studies is that presented 
by Col. Charles A. Lindbergh in the culture of whole organs. 
Were this practicable, the progress of the disease processes in 
a given organ could then be ascertained with precision and thus 
solve the intricacies of morbidity. This new phase of the tech- 
nic will no doubt receive careful study and verification by many 
workers. 

Of great interest is the carefully prepared list of sources or 
references on the various fields of application. Within the limits 
of a book of less than 300 pages all the detailed sources can 
hardly be accommodated. Doctor Parker also gives comprehen- 
^ve data on the subject of growth measurement, which is only 
ligKtly treated in other references of this nature. 

The culture of adult tissue has been rather a difficult feat in 
many instances, but the book contains some enlightening direc- 
tions to accomplish this successfully. The effects of X-ray, sen- 

S«4»4 B 
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sitiveness to their biolofirical factors, tissue allergy, and immunity 
in vitro are carefully treated. The text ends with a selected list 
of references pertiitently arranged. — T. T. 

Financing Agriculture. By L. J. ^Torton. Danville, Illinois, The Inter* 
state, 1938. 326 pp., illus. Price, $2.76. 

This book is easily understandable by students and researchers 
in farm management, agricultural economics, and banking. It 
is intended as a textbook or reference for students in farm fi* 
nance. It is an excellent guide for bankers and those who plan 
to set up efficient creffit systems for financing agricultural ac- 
tivities, such as storing and distribution of farm products and 
financing codperative associations. The book may also be of 
interest to legislators in formulating national policies relative 
to financing agriculture, rehabilitating the financial condition 
of the farmer during financial and business depressions, and 
aiding the low-income tenant farmer to acquire a farm. It is a 
good manual on the business aspects of farming, for it provides 
individual farming financing programs, and contains explana- 
tions on the wise use of credits, when to borrow and to pay loans, 
and when to keep and to sell farm products most profitably. 
The book suggests to lenders and borrowers a sound repayment 
program. 

The author discusses the disadvantages of using capital bor- 
rowed from merchants, individuals, and private credit institu- 
tions. He gives a description of the United States Farm Credit 
Administration with a capital of nearly $610,000,000 as an effi- 
cient system of financing American agriculture, which other 
countries, especially the Philippine Commonwealth, may adopt 
for financing agriculture. 

The author has presented a more or less complete treatise on 
financing American agriculture ; it could have been better, how- 
ever, if the economic root of the agricultural problems or the 
evolution of financing American fanner from begiiming to 
the Farm Credit Administration had been included and treated 
in one chapter, so that the student, scholar, legislator, financier, 
and others could trace the historical background of the different 
stages in aiding the farmers of the United States. A chart 
showing the sources and means of credit open directly or in- 
directly to the producers of agricultural products would also be 
very helpful, especially to students and researchers in agricul- 
tural economics. The author concludes his book with an index. 

— R. M. P. 
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Mental Health Through Education. By W. Carson Ryan. New York, The 
Commonwealth Fund, 1938. 816 pp. Price, |1.60. 

This book presents a detailed critical analysis of wide* 
spread failure of classroom teachers to sruide the emotions and 
mental attitudes of children. The criticisms, however, are di- 
rected mainly at the teacher-training schools which do not pro- 
vide instruction on mental health. The author spares none in 
his attack, not even the most venerable and renowned of univer- 
sities, colleges, and normal schools. He pleads for a reSxam- 
ination of teacher-training courses and methods, and advocates 
the Freudian philosophy and principles. He believes that psy- 
choanalysis and modern psychiatry offer much saner help in 
school problems and problems of personality than the traditional 
psychologies. 

Among the current educational practices which the author be- 
lieves interfere with efforts to individualize education and to 
meet the needs of the children are grades and promotions, reci- 
tations and home work, examinations and marks, and discipline. 
In place of these he recommends projects, and accumulation for 
every individual youngster of all possible information regarding 
his life for the purpose of determining how best to help him. 

It is in the administrative machinery, the author points out, 
that some of the most serious dangers to mental health in the 
schools lie. Highly organized systems are a threat to all efforts 
to make the individual child and his needs and possibilities the 
basic concern in education. To carry out its mass of activities 
from petty correspondence matters to major problems of finance, 
the administrative machinery overlooks those that concern hu- 
man beings whether they be teachers, employees, or pupils. 

Although the author is severe in his criticisms, he devotes 
more than half of his book to constructive procedures being done 
along mental health lines. He describes in some detail several 
movements for better education of teachers in which major em- 
phasis is given to mental hygiene and personality development. 
Among the services which he should like to have a regular part 
of schools are; the visiting teacher, the child-guidance clinic, 
the school psychiatrist, the school psychologist, and the remedial 
or adjustment teacher. 

The later part of this book is devoted to discussions on the 
limitations of mental health progress because of family, social, 
economic, government, religious, and cultural conditions. The 
book ends with a plea for a radical revision of educational philo- 
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Sophy and methods for the sake of good mmital health for chil- 
dren. To that end, the author believes, teacher-preparation 
schools, the curriculum, and educational administration will have 
to be enriched and humanized. — M. E. 

Twenty-five Tears of Bealth Progress. A Study of the Mortality Expe- 
rience Among the Industrial Policyholders of the Metropolitan Life 
Insurance Company 1911 to 1936. By Louis L Dublin and Alfred J. 
Lotka. With the Collaboration of the Staff of the Statistical Bureau. 
New York, Metropolitan Life Insurance Company, 1937. 611 pp., maps, 
illus. 

The authors present a statistical study of mortality among 
industrial policyholders of the Metropolitan Life Insurance Com- 
pany during the quarter century from 1911 to 1936 inclusive, 
embracing a large and representative sample of insured persons 
in the United States and Canada. This report shows the extra- 
ordinary progress in both the public health and the life insurance 
business. As one reviews the notable advances made in these 
26 years, he is impressed by the increase in the average duration 
of human life in the group studied. Life duration was extended 
by nearly 14 years, or approximately 30 per cent of the average 
span following the development of a planned and concerted pro- 
gram of public-health activity among the insured. 

In modifying the attitudes and habits of these millions whose 
codperation had to be secured in order to put into practice the 
medical, public-health, and sociological gains of the past few 
decades, the company joined its forces with those of public and 
private health agencies. Joint efforts were exerted to raise 
health department standards throughout the country, to secure 
more adequate funds for health purposes, and to arouse public 
support and interest in new and promising methods of disease 
prevention and treatment. Thus the past 26 years have wit- 
nessed a great change in the health, habits of life, and environ- 
ment of the American people. 

The weekly premium-paying industrial policyholders rose from 
8 million in 1911 to 17 million in 1986. The poliqrholders studied 
in this report are working people, mostly urban dwellers, in a 
variety of occupations which impose to a certain extent con- 
siderable wear and tear upon their health. It is a matter of 
common experience that urban mortality runs somewhat higher 
than rural mortality. 

The most striking feature of the health picture has been the 
rapid decline in tuberculosis mortality. In 1911 tuberculosis 
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was the leading cause of death in the group studied, but in 19SB 
it ranked seventh in the list based on deaths at all ages combined. 
For ages from 1 year to 74 years it occupied the fifth place. 
The death rate from tuberculosis per 100,000 declined from 242 
in 1911 to 66 in 1936 as a result of an active organized campaign 
against this disease. 

The general decline of mortality from each disease mentioned 
herein is explained by the rapid development of medical science, 
the improved standard of living, and the better sanitary condi- 
tions under which men and women work. All in all, environ- 
mental factors, medical progress, and health activities have 
played an important role in producing the favorable health pic- 
ture of the great masses of wage-earners that was enjoyed only 
by the well-to-do 26 years ago. 

The extensive data accummulated during this quarter century 
undoubtedly shed much light on the health and welfare of the 
people. Consequently this volume is a useful source of infor- 
mation for health officers, physicians, sociologists, life insurance 
officials, and others interested in the development of medical 
science for advancing the cause of public health. The numerous 
charts and tables further enhance the value of this book. 

— M. Ma. A. 
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